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(4) functionated alkyt, 

(5) functionaJized acyl, 

(6) functionaJized heterocyclic or 

(7) functionaJized (heterocyclic)aJkyl; and B is 

(1) substituted carbonyl independently defined as herein, 

(2) substituted amino independently defined as herein, 

(3) functionaJized imino independently defined as herein, 

(4) functionaJized aJkyl independently defined as herein, 

(5) functionaJized acyl independently defined as herein, 

(6) functionalized heterocyclic independently defined as herein or 

(7) functionaJized (heterocyclic)aJkyl independently defined as herein. 
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RETROVIRAL PROTEASE INHIBITING COMPOUNDS 

This is a continuation-in-part of U.S. Patent application Serial No. 456,124, filed Decemb r 22, 1989, 
which is a continuation-in-part of U.S. Patent application Serial No. 405.604, filed September 8, 1989! which 
is a continuation-in-part of U.S. Patent application Serial No. 355.945. filed May 23, 1989. 

5 

Technical Field 

This invention was made with Government support under contract number AI27220-01 awarded by the 
National institute of Allergy and Infectious Diseases. The Government has certain rights in this invention. 
to The present invention relates to novel compounds and a composition and method for inhibiting retroviral 
proteases and in particular for inhibiting human immunodeficiency virus (HIV) protease, a composition and 
method for treating a retroviral infection and in particular an HIV infection, processes for .making such 
compounds and synthetic intermediates employed in these processes. 

T5 

Background Art 

Retroviruses are those viruses which utilize a ribonucleic acid (RNA) intermediate and a RNA- 
dependent deoxyribonucleic add (DMA) polymerase, reverse transcriptase, during their life cycle. Retro- 

20 viruses include, but are not limited to. the RNA viruses of the Retroviridae family, and also the DNA viruses 
of the Hepadnavirus and Caulimovtrus families. Retroviruses cause a variety of disease states in man, 
animals and plants. Some of the more important retroviruses from a pathological standpoint include human 
immunodeficiency viruses (HIV-1 and HIV-2), which cause acquired immune deficiency syndrome (AIDS) in 
man. hepatitis B virus, which causes hepatitis and hepatic carcinomas in man. human T-cell lymphotrophic 

29 viruses I, II, IV and V, which cause human acute cell leukemia, and bovine and feline leukemia viruses 
which cause leukemia in domestic animals. 

Proteases are enzymes which cleave proteins at specific peptide bonds. Many biological functions are 
controlled or mediated by proteases and their complementary protease inhibitors. For example, the 
protease renin cleaves the peptide angiotensinogen to produce the peptide angiotensin I. Angiotensin I is 

M further cleaved by the protease angiotensin converting enzyme (ACE) to form the hypotensive peptid 
angiotensin II. Inhibitors of renin and ACE are known to reduce high blood pressure in vivo. An inhibitor of a 
retroviral protease should provide a therapeutic agent for diseases caused by the retrovirus. 

The genomes of retroviruses encode a protease that is responsible for the proteolytic processing of one 
or more polyprotein precursors such as the pol and gag gene products. See Wellink, Arch. Virol. 98 1 

35 (1988). Retroviral proteases most commonly process the gag precursor into core proteins, and also process 
the pol precursor into reverse transdptase and retroviral protease. In addition, retroviral proteases ar 
sequence specific. See Pearl, Nature 328 482 (1987). 

The correct processing of the precursor polyproteins by the retroviral protease is necessary for the 
assembly cf infectious virions. It has been shown that in vitro mutagenesis that produces protease-defective 

40 virus leads to the production c* Immature core forms which lack infectivity. See Crawford, J. Virol. 53 899 
(1985); Katoh, et aJ„ Virology 145 280 (1985). Therefore, retroviral protease inhibition provides an attractiv 
target for antiviral therapy. See MJtsuya, Nature 325 775 (1987). 

Current treatments for viral diseases usuallylnvorve administration of compounds that inhibit viral DNA 
synthe sis. C urrent treatments for AIDS (Daganl, Chem. Eng. News, November 23. 1987 pp. 41-49) involv 

48 administration of compounds such as 2,3 -dldeoxycytidine, trisodium phosphonoformate, ammonium 21- 
tungsto-9-antimoniate, 1 -beta^bofuranosyM Z4-triazol^3-cart>oxamlde, 3-azido-3'-deoxythymidine. and 
adriamycin that inhibit viral DNA synthesis; compounds such as AL-721 and polymannoacetate which may 
prevent HIV from penetrating the host cell; and compounds which treat the opportunistic Infections caused 
by the immunosuppression resulting from HIV infection. None of the current AIDS treatments have prov n 

so to be totally effectiv In treating and/or reversing the disease. In addition, many of the compounds currently 
used to treat AIDS cause adverse side effects including low platelet count, renal toxicity and bone marrow 
cytopenia. 

Inhibitors of HIV protease are disclosed by. Moore, Blochem. Biophys. Res. Commun.. 159 420 (1989); 
Billich, J. Biol. Chem.. 263 1790S (1988); Richards, FEBS Lett, 247 113 (1989); Miller, Science 246 1149 
(1989); Meek, Nature 343 90 (1990); McQuade, Science 247 454 (1990); Sigal, et a!., European~Patent 
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Application No. EP0337714, published October 18, 1989; Kempf, et ai.. PCT Patent Application No. 
WO89/10752, published Nov mber 16, 1989; Moiling, et aL. European Patent Application No. EP354522. 
published February 14, 1990; Sigal. et al.. Europ an Patent Application No. EP357332, published March l\ 
1990; Handa, et al.. European Patent Application No. EP346847. published Dec mber 20, 1989; Desoims, et 
5 al, European Patent Application No. EP356223. published February 28. 1990; Schirtin. et al., European 
Patent Application No. EP362002. published April 4, 1990; Greyer, et ai., PCT Patent Application No. 
WO9Q/00399. published January 25. 1990: and Hanko. et al.. European Patent Application No. EP361341 
published April 4, 1990. 

U.S. Patent No. 4.652,552 discloses methyl ketone derivatives of tetrapeptides as inhibitors of viral 
to proteases. U.S. Patent No. 4,644,055 discloses haiomethylketone derivatives of peptides as inhibitors of 
viral proteases. 

None of the references mentioned above disclose or suggest the invention claimed herein. 
The compounds (A-X-B) shown in Table 1 are disclosed in the following list of references. None of 
these references disciose or suggest the use of these compounds as inhibitors of retroviral protease or as 
T5 antiviral agents. 

1. S. Apparao, et al.. Synthesis. 698 (1987). 

2. A. Padwa, et al- J. Cham. Soc. Perfcin Trans. I, 2639 (1988). 

3. M. McKervey. et al.. Tat Let, 23 2509 (1 982). 

4. M. Fujiwara. et al., Chem. Abstr. 91:149446. 

20 5. C. Piantadoss, et al*. J. Med. Chem., 19 222 (1976). 

6. M. Midland, et al., J. Org. Chem.. 39 732 (1974). 

7. R. Dybas. et aJ.. U.S. Patent No. 4172094, pubUshed October 23, 1979. 

8. A. Hosomi. et al, Chem. Pharm. Bull., 38 3736 (1988). 

9. K. Taniguchi, et al., Chem. Abstr. 108:29541. 
25 10. R. Freidlina. et aL, Chem. Abstr. 57:16464. 

11. T. Morikawa, Chem. Abstr. 54:1 9588. 

12. M. Sorokin. et aL, Chem. Abstr. 108:111518. 

13. a Ostroumova, Cham. Abstr. 7258187. 

14. T. Kamijo, et al., Chem. Pharm. Bull.. 31 4189 (1983), 

w 15. T. Takeda, et al., BulL Chem. Soc. Jpn- 57 1883 (1884). 

16. S. Kukalenko, et aL. Cham. Abstr. 78:71621. 

17. K. Ito. et al.. Chem. Pharm. Bull- 27 1891 (1979). 

18. H. Kleiner, Chem. Abstr. 73:45598. 

19. G. Rawson. et al.. Tetrahedron, 26 5653 (1970). 
as 20. M. Il'ina, et al- Cham. Abstr. 70:37885. 

21. E. Regel, et al-.U.S. Patent No. 4,618619. issued October 21. 1988. 

22. V. Piakhov, et al- Cham. Abstr. 73:30312. 

23. K. Oathe. et al- Cham. Abstr. 84:73203. 

24. W. Wegener, et aL Cham. Abstr. 77:101763. 

*o 25. E. Mukhametryanova, at aL, Chem. Abstr. 71:39096. 

26. K. Petrov. et aL, Cham. Abstr. 74:141977. 

27. H. Oilman, et aL, Cham. Abstr. 89:172760. 

2a T. Hosokawa, et aL. BulL Chem. Soc Jpn- 58 194 (1985). 

29. a Olah, et at- Synthesis. 221 (1980). (In the table "Ph" represents phenyl). 
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TABT.P 1 



^ x a 



PhOCH2- 


-C(0) - 


PhSCH2- 


PhS (0) 2CH2- 


-C<0)- 


PI1CH2CH2- 


PhCH2CH2- 


-C(0) - 


PhSCH2- 


PhS(0) 2 CH2- 


-C (0) - 


PhS (0) 2 CH 2 - 


Ph0CH2- 


-C(0)- 


PhOCH2- 


PhS<0)CH2- 


-C(0)- 


PhCH2CH2- 


PhSCH2- 


-C<0)- 


PhSCH2- 


PhCH2CH2- 


•C (0) - 


PhCH2CH2- 


PhCH2CH2- 


-CH (OH) - 


PhSCH2- 


Ph0CH2- 


-CH (OH) - 


PhOCH2- 


PhS(0) 3 CH2- 


-CH (OH) - 


PhS(0) 2 CH2- 


PHCH2CH2- 


-CH(HH 2 >- 


PhCH2CH2- 


PhNHCH2* 


-CH(OH)- 


Ph0CH2- 


PhNHCH2- 


-CH(OH)- 


PMKHCH2- 


PhCH2CH2* 


-CH (OH) - 


PI1CH2CH2- 


PhCH2CH2- 


•CH (OH) - 


PhSCH2- 



Ph0CH2- 
PhNHCH 2 - 

PhSCH2- 

PhCH2CH2- 

PhSCH2- 

PhCH2CH2- 

PhS(0) 2 CH2- 

PhNHCH2- 

Ph0CH2- 

PhCH2CH2- 

PhS (0) 2 CH2- 

PhSCH2- 

PhOCH 2 - 

PhCH2CH2- 

PKNHCH2- 

PhCH2CU2* 

PhCH2CH2* 



-CH (OH) - 
•CH (OH) - 
-CH (OH) - 
-M(OH)- 
-N(OH)- 
-P(OH) <H)- 
-N(OH)- 
-P(0) (OH)- 

J? 

.-S(0> 2 - 
-S(0> 2 - 
-P (O) (OH) - 
-P (O) (OH) - 
-P<0) (OH)- 
-P(0) (OH)- 
-S(0)- 
-C(-N-OH)- 



PhSCH2- 

PhSCH2- 

PhSCH2- 

PhCH2CH2- 

PhSCH2- 

PhCH2CH2- 

PhS(0) 2 CH2- 

PhNHCH2- 

PhOCH2- 

PhCH2CH2- 

PhS(0) 2 CH2- 

PhSCH2- 

PhOCH2- 

PhCH2CH2- 

PhNHCH2- 

PhCH2CH2- 

PhCH2CH2- 
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Dlsclosur of the Invention 

In accordance with the present invention, there are retroviral protease inhibiting compounds of the 
formula: 
s A - X - B (I) 

or a pharmaceutically acceptable salt prodrug or ester thereof. 

X is 
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TO 



is 



20 



H„ ,0*201 
-CS^ CH 2 - 


V s °v 0Rl 

, -CHjT CHj- ( ~CB 2 CB 2 - 


OH 
SB 


SB 9^ 

A . A "V* , 


rift 


ft /* 0^ / HO C0 2 H 






oa 9 B 

aa 


O OB Op 

AA AA 

R R* • 1 R R f • 1 


0 

R^R' 


f 0 



wherein Ri and R? are Independently selected from 
w (1) hydrogen, 

(2) loweralkyl, 

(3) hydroxy aikyl and 

(4) aJkoxyaikyl: and 

Raoi and Raoa are independently selected from 
40 (1) hydrogen. 

(2) aflcoocyalkyt. 

(3) tteaitaxy aikyl and 

(4) afcoxyaltaxyalkyt; R«» la loweralkyl; 
Rao* la towerafcyt 

48 Raoi and Rao* are Independently selected from 

(1) hydrogen 

(2) loweralkyt 

(3) aikoxy aikyl; R la hydrogen or halogen; 

R ', hydrogen, halogen, loweralkyl, -NH 2l -NH(lowera!kyl) or -ORao« wherein R«« la defined as above; 
so \ la -NH(loweraJkyO or -ORaot wherein R 30 i la independently defined aa above; 
R la halogen; and 
q la 2 or 3. 
Ala 

(1) substituted amino. 
5S (2) substituted carbonyt. 

(3) functlonaiized Imlno. 

(4) functionaHzed aikyl, 

(5) functionaiized acyl. 
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(6) functionalized heterocyclic or 

(7) functionalized (heterocyciic)alkyl. 
Bis: 

(1) substituted carbonyl independently defined as herein, 

(2) substituted amino independently defined as herein, 

(3) functionaJized imino independently defined as herein, 

(4) functionalized alkyl independently defined as herein, 

(5) functionalized acyl independently defined as herein, 

(6) functionaJized heterocyclic independently defined as herein or 

(7) functionaJized (heterocyclic)alkyl independently defined as herein. 

The term -substituted amino* as used herein includes •NR 30 oCH(R 3 )C(OH.-R* wherein R 300 is 
hydrogen or loweralkyl. L is absent or represents a peptide chain containing 1-4 amino acids wherein FU is 
bonded to the carboxy terminus of the peptide chain and R* is hydroxy, alkoxy or functionalized amino and 
"substituted amino' also includes -N(R 20 7XRj) wherein R a and R 20 7 are independently selected from 

(i) loweralkyl, 

(ii) aryl, 

(iii) thioalkoxyaJkyl 

(iv) (aryl)alkyl, 

(v) cydoaJkyl, 

(vi) cycloalkylalkyl, 

(vii) hydroxyaJkyf, 

(viii) aJkoxyalkyl, 

(ix) aryloxyaJkyl, 

(x) haioaJkyt, 

(xi) car boxy aikyl, 

(xii) aikoxycarbonylaflcyt, 

(xiii) aminoalkyl, 

(xiv) (N*protected)aminoaikyt t 

(xv) alkylaminoaikyl, 

(xvi) ((N-protectedKaikyOamlnOaikyf. 

(xvii) dialkylaminoaikyU 
(xvtii) guanidinoalkyl, 

(xix) loweralkenyl, 

(xx) heterocyclic 

(xxi) (heterocyciic)aikyt, 
(xjajyiyd rogen, , 

(xxiii) arytthioalkyl, 

(xxiv) arylsutfonylaflcyt, 

(xxv) (heterocycficjthioaikyt, 

(xxvi) (heterocycita)3uifonytal^ 

(xxvii) (heterocydic)axyaJkyt, 
(xxvifl) arylaDcoxyaflcyt, 

(xxix) arytthioalkxwyafcyt, 

(xxx) arylalkylsulfonyiaJkyt, 
(xxxf) (heterocycflc)aJkQxyiflcyt, 

(xxxii) (heterocycflc)thioaflcoxya*y1, 

(xxxiii) {heterocycDc>aikyisulfonylalkyt, 
(xxxjv) cyctoaikyloxyaikyt, 

(xxxv) cydoalkylthloafcyi, 

(xxxvi) cyloaikyisulfonylafcyt, 

(xxxvii) cyctoaJkylaJkoxyafcyt 
(xxxviii cydoalkytthJottoxyaAcyl, 

(xxxiv) cycioalkylaJkylsulfonylalkyt, 
(xJ) aminocarbonyl, 

(xli) alkytaminocarbonyt, -> 

(xJii) dialkylaminocarbonyi, 
(xliil) aroylaikyl, 

(xJiv) (heterocycllc)carbonyiaJkyt t 
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(xlv) polyhydroxyalkyl, 

(xlvi) aminocarbonylettcyf, 

(xlvii) alkylamlnocarbonylaJkyl and 

(xfviii) dlalkylaminocarbonylalkyl; with the proviso that Rj and R 20 7 are not both hydrogen. 
5 The term "substituted carbonyl" as used herein includes -C(0)(Ra) wherein Rj is independently defined 
as above. 

The term "functionaiized imino" as used herein includes -C(*NOR,)(R*) wherein Ri is independently 
defined as above and Rj Is independently defined as above, or -C(»NNRjRj)(R3) wherein R, and R 2 are 
independently defined as above and FU is independently defined as above. 
io The term "functionaOzed aJkyl" as used herein includes: 

(1) -CH(Z)((CH a R 5 oo),rR*) wherein Rj is independently defined as above; d is 0 or 1; 
Rsoo is 

(0 -S-, 
(ii) -C. 
IS (iii) -NH-, 

fiv) -N(loweraJkyl)-, 

(v) -S(Oh 

(vi) -S(0)a- or 

(vii) -CHa-; and 
20 2 Is 

G) hydrogen, 
(li) fluoro, 
(ill) azido, 

(lv) -CH(G)(R f ) wherein R f Is hydrogen, loweralkyl, aryl, arylaikyl, heterocyclic or <heterocyc«c)alkyl; and Q 
as is (a) functionallzed carbonyl, (b) functionallzed sulfonyl, (c) functionallzed phosphonyl, (d) loweralkyl 
substituted with functionalteed carbonyl, functionaJlzed sulfonyl or functlonaiized phosphonyl, (e) -J-H or (0 
•J-Rj wherein Rj is independently defined as above and J is absent or represents a peptide chain 
containing 1-4 amino adds wherein H or Rj is bonded to the amino terminus of the peptide chain, 
(v) -N(Q)(R$) wherein Ri and Q are defined as above, 
30 (vi) -OG wherein Q is defined as above; 

(vii) -SG wherein Q is defined as above; or 

(viii) heterocyclic: 

(2) -CF(Z)(Rj) wherein R* and 2 are defined as above, 

(3) -CH(2)(0R») wherein Rs and 2 are defined as above, 

as (4) -CH(Z)(NR 3 R|) wherein R,, R, and 2 are defined as above, 

(5) -CH(2)(SRs) wherein Ri and 2 are defined as above, 

(6) *CH(2)(S<0)Rs) wherein R* and 2 are defined as above or 

(7) -CH(2)<S(0)aR*) wherein R* and Z are defined as above. 
The term "functfonaOzed ecyP as used herein includes: 



48 




T 

Rt Re r/ r » 

wherein L Is absent or represents a peptide chain containing 1-4 amino adds wherein FU is bonded to the 
carboxy terminus of the peptide chain, 
T is 0 or S; 
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R4 is 

(1) hydroxy, 

(2) alkoxy or 

(3) functionalized amino, R9 and R< are independently selected from 

(1) hydrogen, 

(2) loweraikyl. 

(3) aryl. 

(4) heterocyclic, 

(5) arylalkyl and 

(6) (heterocyclic)aJkyl, R7 is 

(1) hydrogen, 

(2) fiuoro, 

(3) loweraikyl, 

(4) hydroxyaJkyl, 

(5) alkoxyalkyl, 

(6) aryl, 

(7) heterocyclic, 

(8) arylalkyl or 

(9) (heterocydic)alkyl, Rt it 

(1) hydrogen or 

(2) fiuoro: ff is 1 or 2; 
n is 0-3; and 

m is 1-4. 

The term "functionalized carbonyl" as used herein includes: 
(1) R!oHCH(R 3 )HC(T)).^CH(R»)) b KE) 0 KCH(Ra)) g ^HT>W- wherein W is absent or represents a 
peptide chain containing 1-3 amino acids wherein RsoHCfDMCHfRjJ^EJoKCHtRaJJg-crr)- is bonded to 
the amino terminus of the peptide chain; T is independently O or S; R* at each occurrence is independently 
defined as above: E is 0, S or N(R,) wherein R, Is independently defined as above; a is 0-1; b is 0-3; c is 
0-1; g is 0-3; I is 0-3; and 
Rsoi is 

(a) Ri7-{R«oo)h- wherein FUoo is N(Rit). OorSandhisOorl, 

(b) (RiyfcN-O-or 

(c) Ri7S(0)aN(R,>- 

wherein Ra is independently defined as above and at each occurrence R17 is independently selected from: 

(i) hydrogen. 

(ii) loweraikyl, 
(Hi) cydoaikyl, 

(iv) aryl, 

(v) arylalkyt, 

(vi) (aryl)aJkoxyaflcy1 
(vil) (aryf>aitoxyaiky1, 
(vOI) amlnoaJkyt, 

(be) rHratected-aminoaAcyi, 

(x) aJkytaminoaikyt, 

(xJ) (N-protect^alkyf)^inoaIky< ( 

(xii) dlalkylaminoalkyt, 

(xtii) carboxyaJkaxyaJkyl, 

(xiv) (aikoxyc^rbonyOaflcoxyalkyl, 

(xv) carboxyaikyt, 

(xvi) aDcoxycarbonylallcyt 

(xvii) (amino)carboxyalky1, 

(xviii) ((N-protected)amlno)carboxyalkY^ 
(xlx) (alkylamino)carboxyalky1 v 

(xx) ((N^rotected)alkylamlro 

(xxi) (dalkylamlnojcarbaxyalkyl, 

(xxii) (amino)aikoxycarborrytalkyl t 

(xxiii) ((N-protected)amino)alkoxycart»nylaikyl^ 

(xxiv) (alkylamino)alkaxycarbonylaikyl, 
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(xxv) ((N^tected)aJkylarnir>o)aikoxycart)onylaikyr, 

(xxvi) {diaJkyiaminoJaikoxycarbonylalkyl, 
(xxviix) aminocycJoalkyl, 

(xxviii) alkoxyaJkyl, 

(xxix) (polyaJkoxy)aJkyi, 

(xxx) heterocycJIc, 

(xxxi) (heterocyciic)aikyl t 

(xxxii) N-protecting group, 

(xxxiii) (hydroxyamino)alkyl ( 

(xxxiv) (alkoxyamino)aJkyl, 

(xxxv) cycloaikylalkyl, 

(xxxvi) loweraJkenyl, 

(xxxvii) hydroxyalkyl, 

(xxxviii) dihydroxyalkyi, 

(xxxix) (alkoxy)(aikyl)aminoaIkyl, 
(xl) alkylaminocycloaikyf, 

(xii) diaikylamlnocydoaikyl and 

(xiii) polyhydroxyaikyl; 

and 

(2) Rsot^CHtRjWHStOMa^CHfRjJMgc-tCHfR^J^CfrVW- wherein W is absent or represents a 
peptide chain containing 1-3 amino acids wherein Rsoi-(S(0) f ).-<CH(Ra)) b -{E) e -<CH(R3)) g -C(T> is bonded to 
the amino terminus of the peptide chain; T is independent 0 or S; R* at each occurrence is independ ntly 
defined as above; E is 0, S or N(R») wherein R, is Independently defined as above; a is 0-1; b is 0-3; c is 
CM; f is 1 or 2; g is 0-3; I is 0*3; and Rsoi is defined as above. 
The term functionaiized aurfbnyP as used herein includes: 

(1) RsoHCHtRjJMCCn^CHtRaJ^EJeKCHtRjJJa-StO^W- wherein W is absent or represents a 
peptide chain containing 1-3 amino acids wherein RsoiKCTOWCHtRjJ^EJHCHtR^M^StOr is bonded to 
the amino terminus of the peptide chain; T is independently O or S; Rj at each occurrence is independently 
defined as above; E Is O, S or N(Ri) wherein R* Is independently defined as above; a is 0-1; b is 0-3; c is 
0-1; f is 1 or 2: g is 0-3; I is 0-3; and Rsoi is defined as above: and 

(2) R«HCH(Ra))r{S<O>0.-{CH(R,)) b ^E) e -<CH(Rj)) 9 .S<O)pW- wherein W is absent or represents a 
peptide chain containing 1-3 amino adds wherein RsoHSfOW.^CHtRjJ^EJc^CHtRaJ^-^Or is bonded to 
the amino terminus of the peptide chain; R* at each occurrence is Independently defined as above; E is O, 
S or N(Ra) wherein R* is independently defined as above; a is 0-1; b Is 0-3; c is 0-1; f at each occurrence is 
1 or 2: g Is 0-3; I Is 0-3; and R«oi Is defined as above. 

The term "functionaHzed phosphonyl" as used herein includes: 

(1) Rsoi (CH(R 3 ))r(C(T)) # -(CH(R,)) b -{E) 0 HCH(R,)) Q -P(«E>-W- wherein W is absent or represents a 
peptide chain containing 1-3 amino adds wherein RsoiKCOlMCHfr^^EJc^CHtR^^-S^Jr is bonded to 
the amino terminus of the peptide chain; T is independently O or S: R« at each occurrence is independently 
defined as above; E at each occurrence is independently O, S or N(Ri) wherein Rj Is independently 
defined as above; a is 0-1; b la 0-3; c is 0-1; g is 0-3; I is 0-3; and R«i Is defined as above; and 

(2) RsoiKCH^HStOW.^^ wherein W is absent or represents a 
peptide chain containing 1-3 amino adds wherein Rsoi-(S(0>i).-{CH(R,)) b -<Ey«-<CH(R3)) 0 -S(0)r Is bonded to 
the amino terminus of the peptide chain; Rj at each occurrence Is Independently defined as above; E at 
each occurrence Is independently 0, S or N(Rj) wherein Ra is independently defined as above; a is 0-1; b 
is 0-3; c Is 0-1; f at each occ ur ence Is 1 or 2; g is 0-3; i is 0-3: and Rsoi is defined as above. 

The term "a peptide chain <rf 1-3 amino adds* as used herein indudes -<N(R a oiKH(R3)-C(0))„- 
wherein at each occurrence Ri la Independently defined as above, u is 1-3. and at each occurrence Rjoi is 
hydrogen or loweralkyl, or R» and Rao. taken together is ^CHa)*- wherein v Is 3-5. 

The term "functionaflzed amino" as used herein Includes: 
-NRisRu wherein Rn and Ri* are independently selected from hydrogen, toweralkyl, hydroxyalkyl, 
alkoxyaJkyl, dihydroxyalkyi haJoaikyl, aminoaJkyi, aikylamlnoaJkyf, aryl, arylaikyt, (heterocyclic)alkyl, 
heterocyclic. dlaDcylaminoaikyt (hH>roteded)arninoalkyl, (N^rotected)aikylamlnoaikyt, cyanoaikyl, hydrox- 
yalkyl, carboxyaikyl, aikaxycarbonylalkyl, (aminojcvboxyaikyi, ((N-protected)amlrw^ 
(aikyiamlnojcarboxyaikyt, ((H^ te cted)aikylamlrK3)carboxyaikyt. (diaikylamino)carboxyaikyl, (amino)- 
alkoxycarbonylaikyl, ((N-protected)amino)aikoxycarbonylaikyl, (aikylamino)aikoxycarbonylaikyi ( ((N-protect- 
ed)alkylamino)aikoxycarbonytalcy1 and (diaikylamino)alkoxycarbonylalkyL 

The term "functionaiized heterocyclic' as used h rein refers to a heterocyclic group indepedently 
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defined as herein which is substituted with a functional group Q wherein 3 is independently defined as 
herein. 

Th term functlonailzed (heterocyclic)alkyr as used her in. refers to a (heterocyclic )alkyl group 
independently defined as herein in which the heterocyclic group is substituted with a functional group G 
5 wherein Q is independently defined as herein. 

The chlral centers of the compounds of the invention may be racemic or asymmetric. Racemic 
mixtures, mixtures of diastereomers, as well as single diastereomers of the compounds of the invention are 
included in the present invention. The terms "S* and "R - configuration are as defined by the IUPAC 1974 
Recommendations for Section E, Fundamental Stereochemistry, Pure Appl. Chem. (1976) 45. 13 - 30. 
to The terms "Ala". "Asn*. "Gly\ "lie-, "Leu'. "Lys", -Phe'. "Pro". -Ser - , and "VaT as used herein refer 
to alanine, asparagine, glycine, isoleucine, leucine, lysine, phenylalanine, proline, serine and valine, 
respectively. In general, the amino acid abbreviations used herein follow the IUPAC-IUB Joint Commission 
on Biochemical Nomenclature for amino acids and peptides (Eur. J. Biochem. 1984, 158. 9*31). 

The term 'N-protectlng group" or "N-protected" as used herein refers to those"groups intended to 
75 protect nitrogen atoms against undesirable reactions during synthetic procedures or to prevent the attack of 
exopeptidases on the final compounds or to increase the solubility of the final compounds and includes but 
is not limited to acyi. acetyl, pivaioyl, t-butylacetyl. t-butyloxycarbonyi (Boc), benzyfoxycarbonyl (Cbz) or 
benzoyl groups or an L- or D- aminoacyl residue, which may itself be N-protected similarly. 

The term "loweralkyr as used herein refers to straight or branched chain alkyl radicals containing from 
20 1 to 6 carbon atoms including, but not limited to. methyl, ethyl, n-propyl. iso-propyl. n-butyl, iso-butyl, sec- 
butyl, n-pentyl. 1-methylbutyl, 2.2-dimethylbutyl, 2-methylpentyt, 2j2-dlmethylpropyl, n-hexyt and the like. 

The term •alkytene" as used herein refers to a straight or branched chain carbon diradical containing 
from 1 to 6 carbon atoms including, but not limited to. -CH*-, -CH a CH r . -CH(CH,)CH 2 -, -CHjCHaCHj- and 
the like. 

25 The term "toweraJkenyl' as used herein refers to a loweraikyl radical which contains at least on 
carbon-carbon double bond Including, but not limited to. propenyl. butenyl and the like. Alkenyl groups can 
be unsubstituted or substituted with one or more substituents independently selected from loweraikyl, 
haloalkyl, cyctoalkyl, aryi t heterocyclic, alkoxy, thioaikoxy, amino, alkylamino, diaikylamino. hydroxy, halo, 
mercapto, nitro. carboxaldehyde, carboxy. carboaikoxy and carboxamide. 
so The term "an/I" as used herein refers to a monocyclic or bicyciic carbocyclic ring system having one or 
more aromatic rings including, but not limited to. phenyl, naphthyl, tetrahydronaphthyl, indanyl and the like. 
A/yl groups can be unsubstituted or substituted with one. two or three substituents independently selected 
from loweraikyl. haloaJkyl. alkoxy, thioaikoxy. amino, aikylamino. diaikylamino. hydroxy, halo, mercapto. 
nitro, carboxaldehyde, carboxy, carboaikoxy and carboxamide. In addition, substituted aryl groups include 
3S tetrafluoro phenyl and pentafiuoropfcenyt. 

The term "arylaikyl" as used herein refers to an aryl group appended to a loweraikyl radical including, 
but not limited to. benzyl, 4-hydroxybenzyl. 1-naphthy (methyl and the like. 

The term "aminoattcyl" as uaed herein refers to *NHj appended to a loweraikyl radical. 
The term "cyanoaikyi - as used herein refers to -CN appended to a loweraikyl radical. 
40 The term "hydroxyaUcyT at used herein refers to -OH appended to a loweraikyl radical. 

The term 'cfhydroxyafcyr as used herein refers to a loweraikyl radical disubstituted with -OH groups. 
The term "potyhydraxyaficyT as used herein refers to a loweraikyl radical substituted with more than 
two -OH group*. 

The term •hydroxyaminoafcyr as used herein refers to a hydroxy amino group (-NHOH) appended to a 
49 loweraikyl radical. 

The term •aJkoxyaminoalkyT as used herein refers to -NHR2$o (wherein R» 0 is an alkoxy group) 
appended to a loweraikyl radic*. 

The term •(alkoxyMalkyl)aminoalky|- as used herein refers to <R ? 7o)(Ra7i)N- wherein R :7 o is alkoxy and 
Ran la loweraikyl appended to a loweraikyl radical, 
so The term "aikylamino - as uaed herein refers to a loweraikyl radical appended to an NH radical. 

The term "hydroxy aikylamino - as used herein refers to a hydroxy aJkyl group appended to an NH 
radical 

The term •dlhydroxyaJkylamlno" as used herein refers to a dihydroxyalkyl group appended to an NH 
radical. 

55 The term ■(hydroxyamino)a*y1amino - as used herein refers to -NHRa 51 wherein R 2 », Is a hydrox- 
yamlnoaJkyl group* 

The term •(alkoxyamlno)alkylamlno- as used herein refers to -NHR 2 s a wherein R- 52 is an alkox- 
yaminoaikyl group. 
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The term *((hydroxyamino)aiicyl)(aJkyl)amino" as usedherein refers to -NR 2 sjRas4 wh rein R 25 j is a 
hydroxyaminoalkyl group and Ras* is a loweralkyl group. 

Th term "((alkoxy amino)aikylMalkyl)amino" as used herein refers to -NR 2 ssRm wher in R 2 s 5 is an 
aJkoxyaminoalkyl group and Ras« is a low raJkyl group, 
s The term '(N-protected)amlnoalkylamlno' as used herein refers to an N-protected amino group which is 
appended to a loweralkyl group which in turn is appended to an -NH radical. 

The term "cycloalkyP as used herein refers to an aliphatic ring having 3 to 7 cartoon atoms including, 
but not limited to, cyclopropyl, cyclopentyl, cyclohexyl and the like. Cycloalkyl groups can be unsubstituted 
or substituted with one, two or three substituents independent selected from loweralkyl, haloalkyl, alkoxy, 
io thloalkoxy, amino, alkylamino, diaikylamino, hydroxy, haio, mercapto. nitro, carboxaldehyde. carboxy. 
carboalkoxy and carboxamide. 

The term "cycloaikylaikyT as used herein refers to a cycloalkyl group appended to a loweralkyl radical, 
including but not limited to cyclohexylmethyl. 

The term ■alkylaminocycioaikyP as used herein refers to an alkylamino group appended to a cycloalkyl 
is radical. 

The term "dialkylamlnocycloaJkyl" as used herein refers to a diaikylamino group appended to a 
cycloalkyl radical. 

The terms "alkoxy* and thioaJkoxy" as used herein refer to RigO- and RuS-, respectively, wherein 
Rii is a loweralkyl group or benzyl. 
20 The term •(hydroxyamino)alkoxy - as used herein refers to RasyO- wherein Ra$ 7 is a hydroxyaminoalkyl 
group. 

The term "(aikoxyamlno)alkoxy" as used herein refers to RastO- wherein Rati Is an alkoxyaminoaJkyl 
group. 

The term "aJkoxyalkyl" as used herein refers to an alkoxy group appended to a loweralkyl radical. 
28 The term "thioalkoxyalkyt* as used herein refers to a thioalkoxy group appended to a loweralkyl radical. 

The term "alkoxy alkoxy aflcyT as used herein refers to an alkoxy group appended to an alkoxy group 
which Is in turn appended to a loweralkyl radical including, but not limited to, methcxyethoxymethyl and the 
like. 

The term "guanidinoattcyl" as used herein refers to a guanidino group (-NHC{ ■ NH)NHj) appended to a 
30 loweralkyl radical. 

The term "alkenyloxy - as used herein refers to RisO-whereln Ru is a loweralkenyl group. 
The term "hydroxy alkoxy" as used herein refers to -OH appended to an alkoxy radical. 
The term "dihydroxyalkoxy* as used herein refers to an alkoxy radical which is dlsubstftuted with -OH 
groups. 

35 The term "arylalkoxy" as used herein refers R«0-wherein Rao is a arylalkyl group as defined above. 

The term "(heterocycllc)altoxy" as used herein refers to RaoiO- wherein R«i is a (heterocyclic)alkyl 
group. 

The term "arylaikoxyalkyP as used herein refers to a arylalkoxy group as defined above appended to a 
loweralkyl radical. 

40 The term "arytoxyalkyT as used herein refers to a RaaoO- group appended to a loweralkyl radical, 
wherein Ras© Is an aryl group. 

The term "diaikylamino* as used herein refers to -NRaoRai wherein Rao and Rai are independently 
selected from loweralkyl groups* 

The term "(hydroxyalkylXalkyOamino' as used herein refers to -NRaaRaa wherein Raa is hydroxyaJkyl 
45 and Rai is loweralkyl 

The term "N-protected aminoalkyl" as used herein refers to -NHRa* appended to a loweralkyl group, 
wherein Rai is an N-protectlng group. 

The term "alkylaminoalkyf as used herein refers to NHRas appended to a loweralkyl radical, wh rein* 
Ras is a loweralkyl group. 

so The term "(NixotectedXalkyOamlnoalkyl" as used herein refers to -NRaiRas. which Is appended to a 
loweralkyl radical, wherein R a * and Ras are as defined above. 

The term "dialkylaminoaikyT as used herein refers to -NRa«Ra7 which is appended to a loweralkyl 
radical wherein Rai and Ray are Independently selected from loweralkyl. 

The term "azfdoaJkyl* as used herein refers to a -N 5 group appended to 5 loweralkyl radical. 
55 The term * carboxy aixyl" as used herein refers to a carboxy lie acid group (-COOH) appended to a 
loweralkyl radical. 

The term "aikoxycarbonylaflcyr as used herein refers to a RaiC(0>- group appended to a loweralkyl 
radical, wher in Rat is an alkoxy group . 
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The term •carboxyaJkoxyaJkyl" a* used herein refers to a carboxylic acid group (-COOH) appended to 
an aikoxy group which is appended to a ioweraikyl radical. 

The -term "aJkoxycanbonylaikoxyaJkyl" as used herein refers to an alkoxycarbonyl group (R 30 C(O>- 
wherein R 3 o is an aJkoxy group) appended to an aikoxy group which is appended to a low ralkyl radical. 

The term ^amino)carboxyaJkyl* as used herein ref rs to a Ioweraikyl radical to which is appended a 
carboxylic acid group (-COOH) and an amino group (-NHj). 

The term *((N-protected)amino)carboxyaikyl" as used herein refers to a Ioweraikyl radical to which is 
appended a carboxylic acid group (-COOH) and -NHR 3 i wherein R 3 , is an N-protecting group. 

The term "(alkylamino)carboxyalkyr as used herein refers to a Ioweraikyl radical to which is appended 
a carboxylic acid group (-COOH) and an aikytamino group. 

The term •((N-protected)alkylamino)carboxyalkyr as used herein refers to a Ioweraikyl radical to which 
is appended a carboxylic acid group (-COOH) and an -NR 3 ,R„ wherein R 3 i is as defined above and R 32 is 
a Ioweraikyl group. 

The term "{dialkylamino)cart»xya!kyr as used herein refers to a Ioweraikyl radical to which is 
appended a carboxylic acid group (-COOH) and -NR^R^ wherein R« is as defined above. 

The term "famino)alkoxycarbonylalkyr as used herein refers to a Ioweraikyl radical to which is 
appended an alkoxycarbonyl group as defined above and an amino group (-NH 2 ). 

The term "{(N-protec1ed)amino>alkoxycarbonylalkyr as used herein refers to a Ioweraikyl radical to 
which Is appended an alkoxycarbonyl group as defined above and -NHRai wherein R 3 i is as defined above. 

The term •(alkylamino)alkoxycarbonylaIkyl" as used herein refers to a Ioweraikyl radical to which is 
appended an alkoxycarbonyl group as defined above and an aikylamino group as defined above. 

The term ^(N^rotected)aikylamino)alkoxycarbonylalkyr as used herein refers to a Ioweraikyl radical to 
which is appended an alkoxycarbonyl group as defined above and -NR 3 ,R 32 wherein R 3 i and R« are as 
defined above. 

The term 7dialkylamino)alkoxycarbonylalkyr as used herein refers to a Ioweraikyl radical to which is 
appended an alkoxycarbonyl group as defined above and -NR«R M wherein R« is as defined above. 

The term 'carboxy aikylamino* as used herein refers to -NHR 33 wherein R 33 is a carboxyalkyl group. 

The term "alkoxycarbonylalkyiamino' as used herein refers to -NHR« wherein R 3 * is an aikoxycar- 
bonylakyl group. 

The term •(amino)carboxyancylamino" as used herein refers to -NHR 3S wherein R 35 is an (aminoh 
carboxyalkyl group. 

The term "((N-protected)amirK))carboxyalkylamino* as used herein refers to -NHR« wherein R« is an 
[(N-protected)amino}carboxyalkyl group. 

The term'(aJkyiamino)carboxyalkylamlno" as used herein refers to -NHR^ wherein R 37 is an 
(alkylamino)carboxyaikyl group. 

The term "({N-protected)aikytom^^ as used herein refers to -NHR 3t wherein R 3i is 

an ((N^ote<^ed)alkylamirx)>cartx3xyaJkyl group. 

The term ^dialkylamlno)c«txwyalkylamino" as used herein refers to -NHRm wherein R 3 , is a 
(dlalkylamino)carboxyalkyl group. 

The term H (8mino)aJkaxycirbow as used herein refers to -NHRio wherein FU 0 is an 

(amino)alkQxycarbonylaJkyl group. 

The term •({N-rxotected)«mino)alkoxyc^ as used herein refers to -NHR41 wherein R*, 

Is an ((N-protBCted)amino)aJkoxycarbony^ group. 

The term •(alkytarrtr»)a^ as used herein refers to -NHR** wherein R* 2 is an 

(alxylamino)alkoxycarbonylalky1 group. 

The term "((Ni)rotected)alkylamiro^ as used herein refers to -NHRo wherein 

Ro is an ((N^otected)aikylamirx))alkoxycart»nylaJkyl group. 

The term 7dialky»amir«))alkoxycarbonylaikylamino- as used herein refers to -NHR** wherein R44 is a 
(dlalkyiamino)alkoxycarbonylalkyl group. 

The term •aminocydoalkyi" as used herein refers to an NH 3 appended to a cydoalcyl radical. 

The term "((aikoxy)alkoxy)alkyl" as used herein refers to an aikoxy group appended to an aikoxy group 
which is appended to a Ioweraikyl radical 

The term 'polyalkoxyaJkyr as used herein refers to a polyaJkoxy residue appended to a Ioweraikyl 
radical. 

The term "polyalkoxy- as used herein refers to -OR*s wherein R*s is a straight or branched chain 
containing 1-5, C„'-0-C/ Dnkages wherein n and n* are independently selected from 1 to 3, including but 
not limited to methoxyethoxymethoxy, methoxymethoxy and the like. 

Th term "(arylalkyl)amiho" as used herein refers to RiooNH- wherein Rtoo is an arylalkyl group as 
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defined above. 

The term "(arylalkyl)(aJkyl)amino" as used herein refers to RituRtosN- wherein Ri 0 4 is an arylaikyl 
group as defined above and Rios is a loweralkyl group. 

The term "(heterocyciicjaiky (amino ' as used herein refers to RsooNH- wherein R«o is a (heterocyciic)- 
5 alkyl group. 

The term •((heterocyclic)a]kyl)(aikyi)amino" as used herein refers to R$ooR»iN- wherein R i0 o is a 
(heterocyciic)afkyt group and R«i is a loweraJkyl group. 

The term "dialkyiaminoalkyl(aJkyl)amlno" as used herein refers to -NR* s Rso wherein R*, is a dial- 
kylamino residue appended to a loweraikyl residue and Rso is a loweraikyl residue. 
10 The term "alkylaminoalkylamino" as used herein refers to -NHR 50 . wherein R^. is an alkyiaminoaikyl 
group as previously defined. 

The term "di alkylaminoalkylamino - as used herein refers to -Nr4R W b wherein R Mb is a diaikylaminoaikyl 
group as previously defined. 

The term "aminoalkylamino" as used herein refers to -NHR S1 wherein R*i is an aminoaJkyl residue. 
15 The term "(dihydroxyalkyl)(aikyl)amino' as used herein refers to a loweraikyl group which is disub- 
stituted with -OH radicals, appended to an amino group, which amino group also has appended anoth r 
loweraikyl group, including but not limited to N-{2,3-dihydroxypropyl)-N-(methyl)amine. 

The term "di-(hydroxyalkyl)amino" as used herein refers to -NR52R51 wherein R 5a and R 5J are 
hydroxyaikyl residues. 

20 The term "alkoxyaJkyl(alkyl)amino" as used herein refers to -NRs^Rss wherein Rs* is an aikoxyaikyl 
group and R$$ is a loweraikyl group. 

The term "di-<alkoxyalkyl)amino" as used herein refers to -NR 55 R57 wherein R» c and R S7 are 
aikoxyaikyl groups. 

The term "di-(polyaikoxyalkyl)amino" as used herein refers to -NRsiRst wherein R 9t and Rst are 
29 polyaJkoxy residues appended to loweraikyl residues. 

The term "((polyaikoxy)aikyl)Kalkyl)amino B as used herein refers to -NRcoR«i wherein R« is a 
polyalkoxy residue appended to a loweraikyl residue and R41 is a loweralkyl residue. 
The term "halo" or "halogen" as used herein refers to -CI, -Br, -I or -F. 

The term "haloaJkyl" as used herein refers to a loweraikyl radical in which one or more of the hydrogen 
so atoms are replaced by halogen Including, but not limited to, chloromethyl, trtftuoromethyl, l-chloro-2- 
fluoroethyl and the like. 

The term "thioalkoxyalkyl" as used herein refers to a thioaikoxy group appended to a loweralkyl radical. 

The term "alkylsuifonyl" as used herein refers to R«aSOa wherein R« a is loweralkyl group. 

The term "arylthioalkyl" as used herein refers to Rsos-S-Rso*- wherein R 50 s is an aryl group and R 50 « 

39 is an aJkylene group. 

The term "arylsulfonylalkyP as used herein refers to Rso7-S(0) a -Rso > - wherein R 50 7 is any aryl group 
and Rsot is an alkylene group. 

The term "(heterocydicjoxyaflcyl" as used herein refers to R 50$ -ORsto- wherein Rso» is an aryl group 
and R$ 10 Is an alkylene group. 

40 The term •(heterocycflc)tNoalkyl" as used herein refers to R«n-S-R$i a - wherein R$n is an aryl group 
and Rs 12 Is an alkylene group. 

The term •(r»terocycflc)«itfdnylaikyl" as used herein refers to RsirS(Oh-Rtw- wherein R*,, is an aryl 
group and R»u is an alkylene group. 

The "arylaikoxyaJkyr as used herein refers to Rsu-OrW wherein R s 19 is an arylaikyl group and 
45 Rs is is an alkylene group. 

The "arylttiioalkoxyaikyr as used herein refers to R$i7-S-rW wherein R 5 17 is an arylaikyl group and 
Rs it is an alkylene group. 

The "arylaikylsulfonylaikyT as used herein refers to Rsu-S<O)2-Rs20- wherein R, 1t is an arylaikyl 
group and R$2o is an alkylene group, 
so The term "(heterocyciIc>aieoxyalkyl" as used herein refers to Rs2i-0-Riaa- wherein R 5a , is a 
(heterocycfic)aJkyl group and Rt aa is an aJkylene group. 

The term - (heterocydic)thloalkoxyaikyl" as used herein refers to R$ aa -S-Rt2*- wherein R$ aa is a 
(heterocycilc)alkyl group and FUa* is an aJkylen group. 

The term "(heterocycilc)alkylsulfonylaikyl" as used herein refers to R5»-S<Oh-R$ a i- wherein R S3S is a 
5« (heterocyclic)aikyl group and Rsac is an alkylene group. 

The term "cydoalkyloxyaikyl" as used herein refers to Rsaj-O-Rsai- wherein R$ a7 is a cycioaikyl group 
and R?2i is an alkylene group. 

The term "cycloalkytthioalkyl" as used herein refers to RsarS-Rsao- wherein Rs 2J is a cycioaikyl group 
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and R« 30 is an alkylene group. 

The term "cycloaikyisutfonylaikyr as used herein refer* to R 5 3i-S(Oh-R*32- wherein R 5J t is a 
cycloalkyi group and R$jj Is an alkylene group. 

The term 'cycloalkylalkoxyalkyP as used her in refers to Rs33-0-Rs34- wh rein R 5 33 is a cycloalkylal- 
kyl group and R53* is an aJkyiene group. 

The term "cyctoaJkyfthioaikoxyalkyl" as used her in refers to Rsss-S-Rsai- wher in R535 is a cycloal- 
kylaJkyl group and R53C is an alkylene group. 

The term "cycloalkylaikylsulfonytaikyr as used herein refers to R$37-S<Oh-Rs3i- wherein R537 is a 
cycloaikylaJkyl group and R»j t is an aJkyiene group. 

The term "aminocarbonyP as used herein refers to -C(0)NHa. 

The term ■aminocarbonylaikyl" as used herein refers to an aminocarbonyl group appended to a 
loweraikyl radical. 

The term "alkylaminocarbonyP as used herein refers to -C(0)NHR 53 3 wherein R 93 , is loweraikyl. 
The term "alkylaminocarbonylaJkyl" as used herein refers to an aikylaminocarbonyl group appended to 
a loweraikyl radical. 

The term "dialkylaminocartoonyl" as used herein refers to -C(0)NRs4 0 R«*i wherein R 5 * 0 and R 5 * t are 
independently selected from loweraikyl. 

The term "dialkylaminocarbonylalkyr as used herein refers to a diaikylaminocarbonyl group appended 
to a loweraikyl group. 

The term "aroylalkyl" as used herein refers to R$4a-C(0)-Rs4 3- wherein R 5 4a is an aryl group and R so 
is an alkylene group. 

The term -(heterocycflOcartJonylalkyi- as used herein refers to R$44-C(0>-Rs4«- wherein Rs* 4 is a 
heterocyclic group and Rs4s is an alkylene group. 

The term "arylamino" as used herein refers to R§*«NH-wherein R m is an aryl group. 

The term "(heterocyd!c)amino* as used herein refers to Rt4?NH- wherein R^j is a heterocyclic group. 

The term "heterocyclic ring" or "heterocyclic" as used herein refers to any 3- or 4-membered ring 
containing a heteroatom selected from oxygen, nitrogen and sulfur; or a 5- or 6-membered ring containing 
one, two or three nitrogen atoms; one nitrogen and one sulfur atom; or one nitrogen and one oxygen atom. 
The 5-membered ring has 0-2 double bonds and the 6-membered ring has 0-3 double bonds. The nitrogen 
and sulfur heteroatoms can be optionally oxidized. The nitrogen heteroatoms can be optionally quaternized. 
The term "heterocyclic" also includes blcyclic groups in which any of the above heterocyclic rings is fused 
to a benzene ring or or a cyciohexane ring or another heterocyclic ring. Heterocyclics include: pyrrolyl, 
pyrrolinyf. pyrroUdinyl, pyra2olyl. pyrazolinyl, pyrazolidinyl. imidazolyl, imidazollnyf. Imidazoiidinyi. pyridyl, 
piperidinyl, pyrazinyl, plperazinyt, pyrimidinyl, pyridazinyl, oxazoryl. oxazolidinyl. isoxazoiyl. isoxazolidinyl, 
morpholinyl, thiazoiyi, thiazoOdinyt, isothiazolyl. isothiazolidinyl, indolyl, quinoiinyl, isoquinoiinyl, ben- 
zimidazolyl, benzothiazolyl. benzoxazotyf, furyl, thienyl and benzothienyl. 

Heterocyclics also include: 




Heterocyclics can be un substituted or monosubstituted or disubstituted with substituents independently 
selected from hydroxy, halo, oxo (»0). alkyiimino (RTJ- wherein R" is a loweraflcyl group), amino, 
aikylamino. dialkylamlno. alkoxy. poryaikoxy, haloalkyl, cycloalkyi. -COOH. -SOiH and loweraikyl. In addi- 
tion, nitrogen containing heterocydes can be N-protected. 

The term "(heterocycflc)aikyi- as used herein refers to a heterocyclic group appended to a loweraikyl 
radical, including but not limited to imidazolylmethyl. thiazolylmethyl, pyridylm thyl and morpholinylmethyl. 
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The term "heterocyclic carbonyloxy" as used herein refers to Rjo4C(0)0- wherein R 30 4 is a 
heterocyclic group. 

The term- "heterocyclic carbonylamlno" as used herein refers to R 30 »C(O)NH- wh rein R ao $ is a 
heterocyclic group. 

In the compounds of the pr sent invention, th A, X and B components may have asymmetric centers 
and occur as racematea, racemic mixtures, mixtures of diastereomers and as individual diastereomers, with 
ail isomeric forms being included in the invention. 

When any variable (I.e., Ri, R 2 , R Jt etc.) occurs more than one time in any constituent or in a 
compound of Formula I, its definition on each occurrence is independent of its definition at every other 
occurrence. AJso, combinations of substttuents and/or variables are permissible only if such combinations 
result in stable compounds. 

Representative compounds of the invention include those represented in Table 2. (In the table "Ph" 
represents phenyl and p-C7H7 represents 4-methylphenyl). 

TAW T.F 9 

Compound of 

Example A x b 



IB 


PhCH2CH2- 


-S(0)j 


PHCH2CH2- 


2 


PHCH2CH2- 


-S (0) - 


PHCH2CH2- 


3B 


PhCH2CH2- 


-CH (OH)- 


PhCH2CH2- 


3A 


PhCH2CH2- 


-C(0)- 


PhCH2CH2- 


4 


PhOCH2- 


-CH (OH) - 


PhOCH 2 - 


5 


PhOCH2- 


-C (0) - 


PhOCH2— 


60 


PhCH2CH2- 


•CH (OH) - 


-CH-CHC(0)NH- 
(CH2)2CH(CH3) 2 


7B 


PhCH2CH2- 


-CH(OH)- 


C(0)KH(CH a ) 2 CH(CH 3 ) 2 

-< 


8B 


PhCH2CH2- 


-CH (OH) - 


C(0)MH(CH,) jCH(CH 3 ) 2 

-< 


9 


PhCH2CH2- 


-P(0)K- 


PhCH2CH2* 


IOC 


PhCH 2 Cfl (HHBoc) - 


-CH(OH)- 


PhCH2CH (M3)- 


11 


PhCH2CH(HHB0C)« 


-CH (OH)- 


PhCH2CH(NH2)- 


12 


PhCH2CH(NH2)- 


-CH (OH)- 


PhCH2CH(NH2) - 


13 


PhCH 2 CH(NHS0 2 Me)- 


-CH (OH) - 


PhCH2CH (NHS0 2 Me) - 


14 


PhNKCK2- 


-CH (OH) - 


PhNHCH2- 


15 


PhSCH2- 


-CH (OH)- 


PhSCH2- 


16B 


PhCH 2 CH2- 


PhCH 2 CH 2 - 



17 
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170 


PhCHjCH (NHB C) - 


-CH (OH)CH(OH) 


PhCH 2 CH- 








(N(CH 2 Ph)Cbz) - 


18 


PhCH2CH (NHBOC) - 


-CH(OH)CH(OH> 


* PhCH2CH(NHCH2Ph)- 


19 


PhCH2CK(NH2)- 


-CH(OH)CH(OH) 


- PhCH2CH(NHCH2Ph)- 


20 


PhCH2CH2- 


-C(OH) (CH20H) 


PhCH2CH2- 


21B 


PhOCH 2 - 




PhOCH2" 


22 


PhCH2CH (NHBoc) - 


-CH (OH) - 


PhCH2CH(CH2C(0)- 








NHCH2CH2CH(CH3>2)- 


233 


PhCH 2 C<0>- 


-CH(OH)CH (OH) 


PhCH2C(0)- 


24 


PKCH2CH (OH) - 


-CH(OH)CH(OH) 


PhCH2CH(OH)i 


250 


PhCH2C(-NOH)- 


-CH(OH)CH(OH) 


PhCH2C(-NOH)- 


2S 


PhCH2C(-HGM«>- 


-CH(0H)CH(OH) 


PhCH2C(-NOM«)- 


27 


PhCH2C(«NMH2>- 


-CH(OH)CH(OH) 


PhCH2C(-NNH2>" 


29 


PhCH2CH(CH2CH3)- 


-S<0)- 


PhCH2CH(CH2CH3)- 


29B 


PhCH2CH(D* 


-S(O)- 


PhCH2CH2- 


30B 


PhCB2CH2- 


-N (OH) - 


PhCH2CH2- 


31 


PhCH2CH2- 


-C(-NOH)- 


PhCH2CH2- 


32 


PhCH2CH2- 


-CH(NH2)- 


PhCH2CH2- 


33 


PIJCH2CH2- 


-CH(NH(OH))- 


PhCH2CH2- 


34C 


PhCH2CH(D- 


-C(O)- 


PhCH2CH2- 


35 


PhCH2CH (NHC (0) M«) - 


-CH (OH) - 


PhCH2CH (NHC(0)M«>- 


36G 


PhCK2CH(NH2)- 


•CH (OH) - 


-CH-CHC(0)NH- 








CH2CH2CH(CH3)2 


37 


PhCH2CH (NHC (O)Htt) - 


-CH (OH) - 


-CH-CHC(0)NH- 








CH2CH2CH(CH3)2 


38 


PhCH2Cfl <NHS02NM*2 > * 


-CH(OH)- 


PhCH2CH (NHSO?NM«2> * 


39 


PhCH2C8 (NHC (0) NH2) - 


-CH(OH)- 


PhCH2CH (NHC (0) NH2) - 



4$ 



50 



18 
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10 



IS 



40 


?hCH2CH2- 


-P(OMOH)- 




PhCH 2 CH2- 


4 IB 


PhCH2CH2- 


-C(OH) (CH 2 NH 2 )- 


PhCH2CH2- 


42 


(CH 3 ) 2 CHCH 2 CH2- 


MTHfOH)- 




(CH 3 ) 2 CHCH 2 CH2- 


43C 


PhCX2CF2- 


-C (0) - 




PhCH2CH2- 


44 


PhCH2CH2- 


-CH(OH)- 




CH 3 CH 2 OC(0)CF 2 - 


45 


PhCH2CH2- 


-CH(OH)- 




HOC(0)CF 2 - 


46 


PhCH2CH2- 


-CH (OH) - 


(CH 3 ) 2 CHCH 2 CH 2 NHC (0) CF 2 - 


47 


PhCH2CH2- 


-C(O)- 


( CH 3 ) 2 CHCH 2CH 2 NHC (0) CF 2 - 


48 


PhCHjCH (NHC (0) - 


-CH(OH)- 




PhCH 2 CH<NHC(0) - 




C (CH3) 2 CH 2 C (0) 0CH 2 Ph) - 




C (CH 3 ) 2 CH 2 C (0) OCH 2 Ph) - 


49 


PhCH 2 CH (NHC(O)- 


-CH(OH)- 




PhCH 2 CH(NHC(0)- 




C(CH 3 ) 2 CH 2 C00H)- 






C(CH 3 ) 2 CH 2 COOH)- 


50 


' 4-N0 2 -C € H 4 OCH 2 - 


-CH (OH) - 




4-N0 2 -C 6 H«OCH 2 - 


51 


PhCH2CH2- 


-CH(0CH 2 0CH 3 )- 


PhCH2CH2* 


S2B 


PhCH2CH2CH 2 - 


-C(O)- 




PhCH2CH2CH 2 - 


53 


PhCH 2 CH2CH 2 - 


-CH (OH) - 




PhCH2CH2CH 2 - 



54B 



55 



56 



57 



58 



PhCH2CH2- 
BocNH N ^ 
PIT 

N 3S ^ 
PIT 



Ph' 



r 



-CH(OH)- 



-CH (OH) - 



-CH (OH) ■ 



-CH(OH)- 



-CH(0H)< 



-CH-CHC(O) -V*i-Val-NH 2 
Cbz-Val-HH, 



Ph' 



H 2 N 

Ph* 



r 



Ac-Val-Val-NH 
Ph 

Ac-Vai-Val-WH 



r 



Ph 1 



r 



50 



■19 
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50 



59 



60 



10 

61E 



20 63 



64C 



65 

30 



66 



67 



68 



Ac-Val-Val-NH^* Ac-Val-Val-NH ^ 

J -CH{OH)- Y 

*r p h > 

Ac-Val-Val-NH^ Ac-Val-Val-NH^ 

T -C (0) - >r 

»>y Ox-Val-NH^ 

Ph^ \ p h > 



15 PhCH 2 NH^^ Ac-Val-Val-NH 



rAc-Val-Val-NH^^ 
-CH(OH)CH(OH)- 

- - 1 PIT 

N Jv/ Cbx-Val-HH.^ 

J -C(OH) <CH 2 OH>- Y 

*r Ph^ 

Cbx-Val-O^^ Cbx-Val-O. ^ 

J -CH(OH)CH(OH)- >p 



BocNH^^ Cbx-L#u-Aan-NH, 
y -CH(OH)- 



BocNH x ^ Cbx-Aan-WH, 
J -CH (OH) - 

Mr p h * 



h 2 n n v X Cbx-Aan-WH, 
y -CH(OH)- 

*r p h " 



Cbx-Aan-NH^ Cbx-Aan-NH, 
| -CH (OH) - 

Mr Ph* 



60 



20 



20 
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p h > 

Cbr-Val-NH^ Cbz-Val-NH 
J -CH(OH)- 

9*T Ph ^ 



70 



7 1D J -CH(OH)- *y 



76 

72 



PIT 



(R 400 " CH 3 OC{0) -<CH 2 ) 4 -C(0)-) 



J -CH(OH)- "° 

PIT 



Ph* 



<R 3 00 " CH 3 OC(0)-(CH 2 ) 4 -C(0>-) 



(R 30 i - CbxNH{CH 2 ) 5 C(0)-) {R 3Q2 - CH 3 OC<0)-(CH 2 ) 4 H:(0)-> 

Ph^ 

(R 303 - CbzNH(CH 2 ) 4 C(0>-) (R 3Q4 - HOCC0)-(CH 2 ) 4 -C(O)-) 



40 



48 



60 



65 



21 
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TO 



T6 



20 



30 



75 



76 



77 



78D 



PhOCH 2 - -CH (OH) - 



PhSCHj- -CH(OH)- 



PhS0 2 CH 2 - -CH(OH)- 



R 30S -L«U-NH 



PK 



| -CH(OH)- 



(R 305 - CbzNHC(CH 3 ) 2 CH 2 C(0)-) 
R 304 -Lau-NH , 



79C 



PK 



r 



-CH (OH) « 



(R306 " 3,4-dihydroxypyrrolldinyl-carbonyi) 



80 



Ph' 



-CH (OH) - 



Cbz-vai-NH 



Ph 



r 



Cbs-Val-NH 



Ph* 



r 



Cbz-Val-NH^^ 



?h 
BocNH 
Ph 



r 



BOCNH 



Ph' 



r 



R 30l -Val-Vai-HH 



Ph' 



r 



(R 30 7 " H a M(CH 2 ) 4 C(0)-) (R 30g - H0 2 C(CH 2 ) 4 C(C)-) 

81 PhSCH2- -CH<OCH 2 OCH 3 )- PhSCH;- 



82 
83C 



PhOCH2- -CH(OCH 2 OCH 3 )- 
R 30t -Lau-NH N _^* 

f -CH(OH)- 

P*T 



PhOCHj- 
BccNH 



Ph' 



(Rj09 ■ thioxnorpholinyl-carbonyl) 



so 



65 



22 
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70 



IS 



20 



30 



84C 



R no -L«U-NH 



-NH^ 

Ph 



-CH(OH)- 



{R310 * suit nyjjnorpholinyl-carbonyi) 
R 3U -L«U-NH, 



85C 



X 



-CH(OH)- 



(R 3U - (CH 3 ) 2 N(CH 2 ) 2 N(CH 3 )C(0)-) 



86E 



Rj U -L#u-NH 



-CH(OH)' 



(R 3l2 - HQCH 2 CH(OH)CH 2 N(CH 3 )C(0)-) 
R 3l3 -L#U-NH 



87C 



Ph 4 



r 



-CH (OH) « 



(R 



313 



88D 



Cbx-pip«ridin-4-yl-carbonyX) 
Rj^-L^U-NH^* 



Ph 1 



(R zu - HOCH 2 -(CH 2 ) 2 -OC(0>-) 

89B (4-(CH3)2CH)C€H4CH2CH2- 

90B 4-HOC6H4CH2CH2- 

91B (X-naphthyI)CH2CH2- 

92B 4-CH3OC6H4CH2CH2- 

93B 4-BrC$H4CH2CH2- 

94B PhCK2CR2- 

95B PhCH2CH2* 

96B FhCH2CH2- 



-CH(OH)- 



-CH(OH)- (4- 
-CH (OH) - 
-CH (OH) - 
-CH (OH) - 
-CH (OH) - 
-(H-Ala-O)CH- 
-(H-Gly-O)CH- 
-(H-tys-O)CH- 



BocNH 
PN 



r 



BocNH 
Ph' 



r 



BocNH 
PIT 



BocNH 
Ph' 



BocNH K ^ 
(CH3) 2CH) C6H4CH2CH2- 

4-HOC6H4CH2CH2- 

( 1 -napht hy 1 ) CH2CH2 - 
4-CH3OC6H4CH2CH2- 
4-BrC6H4CH2CH2- 
PhCH2CH2- 
PhCH2CH2- 
PhCH2CH2- 



90 



55 



23 
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CbxNH<CH») 4 C(0)NH, 
97 T -CH(OH)-" 



BOCNH 



Ph' 



70 



75 



20 



35 



CbtNH (CH 2 ) «C (0) NH^^ 

98 y 



100G 



R 315 Y' C( ° )NH V X 



(R 313 - 4-morpholinylC(0)CH 2 -) 



101C 



r 



T - 

(R 31< - 4-morpholinylC(0)0-) 



R 317 y 0 * 011 ™^ 



30 102C 



40 



(R 31? - PhCH 2 NHC(0)CH2-) 
<R 311 - PhOUNHC(0)Ca,*) 



-CH(OH) 



PhCH 2 0 2 CCH 2 C <CH 3 ) 2 C (0) MH 



Ph 



H 2 N(CH 2 )«C(0)NH^^ 
99 J -CH(OH)- 

PJT 



-CH(OH)- 



H0 2 CCH 2 C(CH 3 ) 2 C(0)NH 

BocNH 
Ph 



-CH(OH)- 



-CH(OH)- 



-CH(OH)- 



1 % 



BocNH 
Ph' 

BOCNH 
Ph 



H^I 
Ph 1 



55 



24 
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70 



75 



20 



30 



(R 3l9 - PhCH 2 NHC<0)CH 2 -) 
105C J J -CH(OH)- 

Y n 

(R 321 - PhCH 2 NHC(0)NHCH 2 -) 



104 



-CH(OH)- 



r 



<R 320 - PhCH 2 NHC(0)CH 2 -) 



Y '" J 



106C 



-CH (OH) - 



(R 322 - CH 3 CH 2 OC(0)KHCH 2 -) 



107F 



Y " J 



-CH(OH)- 



(R 323 - CH 3 OCH 2 CH 2 OCH 2 0CH 2 CH 2 N(CH 3 )C(O)CH 2 *) 
p-C 7 H 7 $<0) 2 -HH, 
Ph* 



108 



y 



-CH(OH)- 



BocKK 
Ph 

BocNH 

Ph' 



r 



BOCNH 

Ph' 



r 



BOCNH 

Ph 4 



p-OyH-yStOJj-NH.^ 
109 J -CH(OH)- 

PIT 



Y 



Ph' 



no 



p-C 7 H 7 3 (O) 2 -MH P"C7H 7 S (O) 2 -NH 

J -CH(0H)- y 



Ph' 



Ph 4 



P-C7H7S (O) j-VAl-WH^^ 
UX J -CH(OH)- 

PIT 



BOCNH 



Ph' 



r 



50 



65 



25 
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TO 



75 



20 



30 



112 



p-C 7 H 7 S (0) 2 -Val-NH^> 



Ph' 



1140 



115 



25 USD 



117C 

Ph' ph* 
(R 327 - l-pyr*xolyl-CH 2 -) 



1130 



R 32l yClOlMHy^ 
PIT 

(R 32l * (CH 3 ) 3 C3(0) 2 CH 2 -) 



40 



-CH<OH>- 



-CH(OH)- 



p-C 7 H 7 S (O) 2 -V*l-NH 

113 J -CH(OH) 

ptr 

R 32< x^CCOMH^ 
(Rj 24 - CbzNH(CHj) 3 NH-) 

(R 323 - H 2 M(CH 2 ) 3 NH-) 
R 32i Y^tONH^ 

(R 32C - CH 3 ON<CH 3 )CH 2 -) 
R 32 7v^C(0)NH 



-CH(OH)- 



•CH(OH)- 



-CH (OH) - 



-CH(0H)- 



H 3 K 



Ph 

prC 7 H 7 S (0> 2 -Val-HH 
Ph 

BOCNH 
Ph 

BocHH 
Ph 



BocKH 
Ph 

BocNH 
Ph 

BOCKH 
Ph 



r 



45 



50 



58 



26 
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TO 



75 



20 



119 


PIT ?bT 


-CH(OH)- 


BOCNH 

J 


120 (4- 


(CH3) 2CH)CfiH4CH2CH2- 


-CH (OCK 2 OCH 3 ) - 
(4- 


(CH**) 5CH)C<:HjCH5CH9- 


121 


{ 1 -napht hy 1 ) CH2CH2 - 


-CH (OCHiOCH-.) - 


f 1-naohthvl) CH^CH^- 


1 55 






* "C«30Cfin4Cn2CH2 


123 


4-BrC6H 4 CH2CH2- 


-CH(OCH 2 OCH 3 )- 


4-BrC^H 4 CH2CH2- 


124 


PhCH2CH2- 


-CH(OCH 2 SCH 3 )- 


PhCH 2 CH 2 - 


125 


PhCH2CH2- 


-CH(OCH 2 OCH 2 CH ; 


jOCH 3 ) - PhCH 2 CH2- 


126C 


PhCH2CHF- 


-CH (OH) - 


PhCH2CH(N3) - 


127 


PhCH2CHT- 


-CH (OH) - 


PhCH2CH(NH 2 ) - 



128 



129 



PhCH 2 CHr -CH (OH) - 



PhCH 2 CHF -C(O)- 



Cbx-Val-NH 

Ph' 

Cbz-V*l-NH 

Ph' 



r 
r 



40 



i3or 



^ Ph^ 



-CH (OH) - 



(R 329 - 4-methylpip#tixinyl-S(0) 2 CH 2 -) 



131C 



R 330 s^C(0)NH 



X 



Ph' 



r 



-CH(OH)- 



(R 330 - 4-raorpholinyl-S(0) 2 CH 2 -) 



BocNH 

Ph 4 



r 



BocNH 
Ph' 



r 



so 



50 



27 
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X32C 



R 331 ^.CfOJNH 



1 y.^lUINNy/ 



-CK(OH) - 



133 



{R 33l - PhCH 2 NHS(0) 2 CH 2 -) 



JS T* T -CH(OH)-. 



BOCNH 

Ph 
Ph 



(R 332 - 4-methylpip*rixinyl-S<0) 2 CH 2 -) 
R 333 n^ C <0)HH, 



134 



XT 



-CH (OH)« 



?h 



(R 333 - 4-m«thylpip«rixinyl-S<0) 2 CH 2 -) 

(R 334 - 4-methylpip«rizinyl- 
S(0) 2 CH 2 -) 



135 



R 33 s v^ c ^°'MH 



^ Ph^ 



-CH(0H)« 



136 



(R 335 - PhCH 2 KHS (0) 2 CH 2 -) 



-CH (OH) - 



R 337N-^ CCO) NH 



HjK 



137C 



Ph' 

(R 33< - PhCH 2 NHS(0) 2 CHj-) 
R 33l -Val-KH, 



^ Ph 



(R 337 - PhCH 2 NHS (0) 2 CH 



Ph' 



-CH(OH)- 



BocMH 



Ph 



(R 33 8 " 4-m«thyipip«ixinyl-3(0) 2 -) 
Rsjj-Val-MH^x 



138 



Ph 4 



-CH (OH) - 



H 2 N 



Ph 



(R 33t • 4-ra«thylpip«rixinyl-$(0) 2 -) 



28 
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70 



75 



139 



R 340 -V4l-NH 



r 



-CH(OH)« 



(R 340 - 4-m«thylpip«r±sinyl-S<0> 2 -) 

(R 341 - 4-methylpiperizinyl-S(0) 2 



140 



141 



142C 



H-Val-NH 

Ph' 



BOCNH 



Ph' 



r 



R^j-Val-NH^ 
(R 342 - PhCfl 2 Cfl 2 C(0>-) 



-CH(OH)- 



-CH (OH)CH(OH)- 



-CH(OH)- 



H-Val-NH 



Ph 



y 



Ph' 



BOCNH 



Ph 



J 



29 



35 



40 



143 



144C 



PhCH2CH2- 
R343-VAI-NH, 



r 



145C 



Ph' 

<R 343 - PhCHjNHC(O)-) 
Rj4 4 -V»l-MH, 



PIT 



(R 344 - PhCHjCHjCHj-) 



146 



Cbx-Val-WH 



Ph' 



r 



-H(OCH 2 OCM 3 )- 
-CH (OH) - 



-CH (OH) - 



-CH (OCH 2 OCH 3 )- 



PhCH2CH2 
BOCNH 



r 



BocKH 
Ph 4 



r 



Cbz-Val-NH 

Ph* 



r 



4§ 



SO 



sa 



29 



EP 0 402 646 A1 



TO 



1$ 



20 



30 



35 



147 



148 



1498 



150 



151 



152 



153 



PhCH 2 CH 2 - 



BOCNH^^ 



Ph' 

PhCH 2 CH 2 - 
PhCH 2 CH 2 - 

PhCH 2 CH 2 - 
PhCH 2 CH 2 - 



R 34S *X*U-NH 



Ph' 



y 



154 



<R 3<5 - H 2 NC(CH 3 ) a CH 2 C(0)-) 
Cbx-Leu-Xan-NH, 
Ph' 



155B 



1568 



y 



y 



Ph" 



PhOC(O) 



Ph' 



r 



-CH (OH) - 



-€H(OH)CH(OH)- 



0 0 
» / 
H-C-C-H 
/ \ 



— C-C-H 

/ i 



-C(OCH 3 ) 2 - 
-CH(OH)- 



-CH (OR) - 



-CH 2 S (O) 2 CH 2 - 



-CH 2 S (O) 2 CH 2 - 



PhCH 2 CH 2 - 



CH 3 C(0)NH ^ 
PIT 



PhCH 2 CH 2 - 
PhCH 2 CH 2 - 

PhCH-»CH->- 
PhCH 2 CH 2 - 



SocNH 



Ph' 



y 



Cbz-L«u-Asn-NH 



P*T 
BocNH.^ 
PIT 
PhOC(0) v ^ 
PIT 



50 



55 



30 



10 



JO 
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B CNH^^ BOCNH 
157 J - C H 2 S(0)CH 2 - 

PtT Ph 



158 



PhOC (O) PhOC (0) 



| -CH 2 S(0)CH 2 - 



, eaes CHjOCIOJv/ CH 3 OC(0> 

159B J -CH 2 N(OH)CH 2 - 

PIT Ph 

160D J -CH (CHO- 

PIN Ph 
< R 3«« - <4-PyridylCH 2 OC<0)-) 



161C 



R 3 47 -V*l-NH ^ cb X - Val -NH 

y -CH(OH)- 

«T p h 
(R 347 - (3-PyridylCH 2 OC(0)*) 

R 3«" V * 1 " NH Cbz-val-KH 
162C y -CH(OH)- 

Ph 

< R 348 " <2-PyridylCH 2 OC<0)-) 

R 34f -Val-MH >/ Cb2-V«l-MH 

1«C y -CH(OH)- 

(R349 - <3-Pyridyl-C<0)-) 

164C * y -CH(OH)- 

PIT p h 
(R 350 - <4-Pyridyl-C<0)-) 



50 



55 



31 
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TO 



75 



00 



Rjjl-Val-NH^ Cbz-Val-NH 
165C J -CH(OH)- 

(R 3S1 - <4-MorpholinylCH 2 CH 2 OC(0>-) 



™ Ph 



Rjjj-Vai-NH^^ Cbz-Val-WH 
167C J -CH(OK)- 



R 35 ,-Val-MH^ Cbz-Val-HH 
166C J -CH{OH)- 

P*T 

CR 3S2 • (l-PyrroXidinylCH 2 CH 2 OC(0)-) 

r 

<R 353 - (2-FuranylCH 2 OC<0>-> 

R354- v *i-WHvX Cbz-Vai-NH 
M 168C J -CH(OH)- 

<R 354 - ( (l-M«thyl)pyrrolid±n-2-ylCH 2 OC{0)-> 

R 3S5 -VaX^NH^^ Cbz-Val-NH 



169C 



r Cbz-Val-NH 

Ph 

< R 333 * < d-Methyl)pip«ratin-4-yXC(0)-) 



.... BocNH,^ aocMH 

1™» y -CH(OH)CH(OH>- 

I 7 * J -CH(OH)CH(OH)- 

«r Ph 



45 



50 



55 



32 
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172B 



173 



174B 



Cb«-Val-HH^ Cb*-Val-HH 

J -CH(0H)CH(0H)- 

H-Vai-NH^ H-Vai-NH 

J -CK(OH)CH(OH)- 



RjS^Vai-NH^ R 35$ -Val-NH 
^ -CH(OH)- "* 



j 



Ph' 

(R 33< - 4-PyridyX-CH 2 OC{0>-) 



175B 



Ph' 

<R 337 - 3-Pyridyl-Oi 2 OC (0) •) 



176B 



R JSi -Val-WH 



Ph" 

CR 359 - 3-Pyridyl-C<0)-) 



Ph* 

<R 3W " 3-*yridyl-C(0)-> 



17* 



Ph 



*>»-™'»«y . CH(0H) . R ,„-V.1-NH 



y -CH(OH)- "* 

1 Ph 



(R 35l - 2-Pyridyl-CH 2 OC (0) -) 

Rjj^Val-HH^ R 35f -VaI-NH % 

177 y -CH(OH)- " f ^ 



Ph' 



17g Rjw-Val-KH^ R 340 -Val-NH, 



-CH<OH)CH(OH)- • 3,0 % 

Ph^ 



J -CH<OH)CH<QH>- " l x 

**T p h ^ 
<R 3tx - 3-Pyridyl-C{0)-) 



33 



TO 



50 
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180 J -CH(OH)CH(OH)- J " 



(R 3<2 - 4-Pyridyl-C(0)-) 



or 



isir r^N^ 1 -CH(0H)cr 2 - H * N 



Cbz-Val-NH 



or 



" 182 -CH(0H)CT 2 - Cbz-V.l-NH 



Cbz-Val-NH 

20 



183 



25 Cbz-(0-H«) S«r-NH, 



184 ^~y) HrH(0H)CT2- CbiHO-Hs) 3«-HH^ 



30 

Cbz-<0-M«) S«r-NH 



183 rT^ -C(0)Cr 2 - 

35 

Ac-(0-M*)S«r-NH 



Cr 



Cbz-(0-M«) S«r-NH 



X 



186 -CH(0H)Cr 2 - Ac-(0-M«)S«-«U^ 



95 



34 
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10 



15 



30 



40 



50 



Cbx-Val-KH Cbz-V*J.-NH 
187 J -(H'Gly-O)CH- 

FhT Ph 



OC-NH.^ Boc-NH 
^ N jp -CH(OH)CH(OH)- 



Boc-NH^^ BOC-KH 

183 



R 3 <3 "V* 1 ~ NH Rj «a-Val -NH 

189C y -CH(OH)CH(OH)- " 

PIT Ph 

<R 363 - 4-Morpholinyl-CH 2 C(0)-) 

R 3 «4 - v *l -NH R 3 <4 - Val -NH 

190 J -CH<OH)CH(OH>- 

Ph^ Ph 
<R 3€4 - 1-Imidaxolyl-CH 2 C(0)-) 

z ^ P h^ 

<R 3 « - (4 -Methyl) pip«raxin-l-yl) 

CHjOC (0) w^CHjNH^^ CH 3 OC (OJw^CHjNH 



191B y J -CH<OH)CH(OH>- 3,1 >T 

n-Pt^ n-Pr Ph 



J J -CH(OH)CH(OH)- 



192 

Ph" Ph" Ph"" ph 



193C T J -CH(OH)CH(OH)- J 

(R 36 , - l,l-Dioxothi*zio-4-yl) 

R 3r?N^C(0)NH^ R 3<7 n^C(0)MH 

194C T J -CH(OH)CH(OH)- J 

(R 367 - Morpholin-4-yl) . 



55 



35 
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195 J -CH(OH)CH(OH>- 

5 t R 36i • l,l-Dioxothiixin-4-yl) 



10 



75 



25 



Cbx-Val-NH^^ Cbz-Vai-NH 
196 J -CH{OH)CH(OH>- 



197 



198 



200 



r 

PhS^ PhS 

Cbx-Zlft-NH Cbx-Il«-MH 

J -CH<OH)CH(OH>- 

PtT ?h 

Cbz-Ala-NH Cbz-JUa-NH 
J -CH(OH)CH(OH)- 

Mr ?h 

r 

-CH(OH)CHCOH)- 



Cbx-Ph«-NK Cbx-Phe-MH 
» 199 y -CH(OH)CH(OH)- 

«T Ph 



PIT 



30 



38 



40 



45 



SO 



55 



36 



EP 0 402 646 A1 ' 



10 



15 



20 



201E 

< R 369 
202C 

<R 3 70 

203 

204 
205 
206 



R„ f -V»l-NH, 



T -CH(OH)- 
(4-mathylpip«razinyl) -c (0) -CH 2 -) 

[ -CH(OH)- 



Ph 



R 370 -Val-NH, 



(4-morpholinyl) -CH 2 CH 2 OC (0) -) 



R m -Vai-NH 



Ph 



r 



- (3-pyridinyl)-CH 2 C(0>-) 

PIT 
BocNH^* 



Ph' 

BocNH 



Y 



-CK(OH)- 



-CH{OH)CH(OH)- 



-CH(OH)CH<OH)- 



-CH{OH)CH(OH)- 



Ph 4 



*373^^ 



*373 



207 

<*37j " (4-morpholinyl)-CH 2 C(0)-) 
208 

<*373 

209 



Ph 4 



r 



-CH(OH)CH(OH)- 



-CH(OH)CH(OH>- 



(4-raorpholinyl) -CH 2 CH 2 OC (0) -) 
Cbx-Vtl- 



-CH (OH)CH(OH)- 



Cbx-Val-NH 
Ph 



Cbt-Val-NH 



Ph 



R 37l -Vai-NH 



Ph 



H 3 N 



2* 

Bfc i 

t 

i 
t 

i' 

Pir 

*373x^ 

PIT 



Ph 

BocNH 

Ph 

BOCHH 
Ph 



Cbx-Val-NH 

Ph' 



50 



85 
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Cbz-V«l-KH^ • Cbz-Val-NH 

210 y -CHCOH)CH(OH)- 



211 



7 

BocNH^ BccNH 
y -CH<OH)CH(OH)- 



B0CNH N^ H 2 N 

T0 212 y -CH(OH)CH(OH)- 2 

P*T . Ph 

BocNH^^ Cbz-Val-NH 

213 y -CH<OH)CH(OH)- 

;s Ph Ph 

214 T J -CH(OH)CH(OH)- | 



Ph' 

20 (R 3 74 * (CH 3 ) 2 N-) 



Rv,.-Val-NH 

215B J 5 



Ph 1 

(R375 " (2-pyridlnyi)-CH 2 OC(0)-) 



R 37S -Val-MH 
J -CH(OH)CH(OH)- 35 

i Ph 



Rjit-Val-KH^^ R 37 --Val-NH 
21« J -CH<OH)CH<OH)- m 

»»r Ph 
30 <^376 " <2-pyridinyl)-CH a 0C(0)-> 

217 Ran-Val-MH^ R 377 -Val-NH 



Ph' 

<*377 " (2-pyridinyl) -CH 2 OC (0) -) 



R 377 -Val-NH 
J -Cfl(OH)CH(OH)- J 

1 Ph 



, 1flP Rm-Vai-NH^^ R 37l -Val-NH. 

2i3r -ch<oh)ch<oh>- N 

(R37 t - (2-pyridiayl)-CH 2 H(Ca 3 )C(0)-) 

„ 0 Rrrt-Val-HH ^ R 37f -Val-NH 

219 J -CH(OH)CHCOH)- 5 



<*37t - <2-pyridinyI)^H 2 N(CH 3 )C(0)-) 



60 



55 
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220 J -CH(OH)CH(OH)- 3,0 

pit 

< R 380 * (2-pyridlnyl)-CH 2 N(CH 3 )C(0)-) 



10 



18 



20 



00 



Ph* 

(R 383 " (3-pyridinyl)-ca 2 CH 2 C(0)-) 



Ph' 

( R 38S • (4-pyridinyl) -CH 2 OC (0) -) 



Ph 

(R 3 « - (4-pyridlnyi) -CH 2 0C(0) -) 



Ph 



221 R 3n-v.l-NH^ R 3(l -val-KH 



Ph 



Ph' 

(R 38X - (2-pyridinyl)-CH 2 N(CH 3 )C(0)-) 

222 RlM-Val-HH^ R Jla -V.l-NH 



-CH(OH>CH(OH)- »3M-v.x-«« 

PK 



(R 382 " <2-pyridinyl)-C(0)-) 

223 "ju-Vil-W^ R Ji3 -V*l-NH. 



J* -CH(OH,CH(OH»- R »3-V.1-NH 

i PIT 



224 J -CH<OH)CR(OH)- ,M " > 

(R 3g4 - <2-pyr±dinyl)-CH 2 C<0>-> ?h 



225 >T ^u/r Dt ^M Ut _ Rjis-vai-NH 



-ca (oh) ca (oh) - ^ 

225 *M«nX -CH(OH)CH(OH)- R 3«n- 
<R 38 « " t-butyl-NHC(O)NH-) 

227 317%^^ -^u /nui t+u tr\u\ _ 



J -CH(OH)CH(OH)- 
^ Ph^ 



Ph' 

(R 3g7 • t-butyl-NHC(O)NH-) 

22t Rju-VaX-MH^ Riii-Val-NH 



-CH(OH)CH(OH)- " 3M V "-™J 

1 wr 



50 



50 



39 



TO 



75 



20 
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Rj^-Vtl-MH^ R 3II -V«1-NH 



Ph 



Rj ff -V*J.-ffH^^ 

229 J -CH(OH)CH(OH) 

(R 38 9 - (3-pyridinyl) -CH 2 OC(0)-) 

R 3lf -Val-KH^^ R 3l ,-Val-NH 

230 y -CH(OH)CH(OH>- 

?h 

(R 390 - (3-pyridinyl) -CH 2 OC<0)-) 

Rjtl-Val-NH^^ BocNH 

231 J -CH(OH)CH(OH)- 



HOC<0)CH 2 CH 2 C<0)NH 



r 



PIT 

(R 393 - <2-pyridinyl)-CH 2 OC(0)-) 



PIT 



(R 39: - (2-pyridinyl)-CH 2 OC(0>-) 

232 y -CH(OH)CK(OH)- * 



**T Ph 
(R 392 - (2-pyridinyl)-CH 2 OC(0>-) 

R 3M -VaI-NH^^ 
233 y -CH(OH)CH(OH>- 



234D y -CH(OH)CH<OH>- " 4 



Ph 



< R 39< - (2-pyridinyl)-CH 2 N(CH 3 )S<0) 2 -) 
235G y y -CK(OB)CH(OH)- 3 " V 

(R 3 „ - (2-pyridinyl)-CH 2 N(CH 3 )C(0)CH 2 -) 

Rjm-VaI-NH^^ R 3M -V«1-NH 
236 y -CH<OH)CH(OH)- 

< R 39« " (2-pyridiayl) -CH-CH-C (O) -) 



so 



50 



40 



TO 
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237 J -CH(0H)CH(OH)- " 

PUT p h 
< R 39? " <2-pyridinyl)-CH 2 CH 2 C{0>-) 

238 J -CH(OH)- " 

(R 39a - (4-raorphoIinyl)-CH 2 CH 2 OC(0)-) 

Cbi-Val-NH^ Boc-V*l-NH 

239 J -CH(OH)- 

PIT Ph 



T5 CbX-Val-NH^ H-Vll-NH 

2 40 y -CH(OH)- 



241B y -CH(OH)- "* 

ph 

(R 3g9 - <2-thia*olyl)-CH 2 OC<0>-) 



242 



J -CH(OH)- | 



24S 



PIT Ph ' 
(R« oc " U-imidMoIyX)-CH 2 C<0)-) 

243 J -CH(OH)- >T 

Ph p h 
(R 40 i " (4-norpholiayl)-CH 2 C(0)-) 

244 y -CH(OH)- " 

»*T p h 
<R«oa - <2-pyridinyI)-CH 2 NHC<0>-> 



J -CH(OH)- 



*r Ph 
<*403 • (4-pyridinyl)-C(0)-) 



60 



69 



41 



10 



78 



246 
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J -CH(Ofl)- *°* >^ 



^ Ph" 
(R 404 - (3-pyridiayI>-CH 2 CH 2 C(0>-) 



247 



J -CH(OH)CH(OH)- 405 >p 

PIT 

(R«cs * (3-pyridlnyl)-CH 2 OC(0)-) 



248 



249 



250 



253 



Ph' 



251 T -CHfOHlCflfOHl - w 



Ph 4 

<R 4C » " (2-pyridinyl)-CH 2 M(CH 3 )S(0> 2 -) 



Ph" 



R«o»- Va 1 -MH R 3 9t - Va 1 -KH 

| -CHtOH)CH(OH)- 



(R<C6 " (4-morpholinyl)-CH 2 CH 2 OC(0)-) 



y -CH(OH)CH<OH)- 



*h Ph' 
(R< £ 7 - <3-pyridinyl)-CH 2 OC<0)-> 



Cbz-Vai-HH^ Cbx-Val-NH 

T -CHr>SO->CH->- 



-CH 2 S0 2 CH 2 - *Y 

[ PIT 



-ch(oh)ch<oh)- 

1 aw^ 



<R 40i " (2-pyridinyl)-CH 2 !l<CHj)S(0> 2 -> 



252 J -CH(OH)CH<OH>- 

1 PIT 



T y -ch<oh)ch(oh)- y 

V 



... *«0- v * 1 - N H N ^ Cbx-Val-NH 

254 y -CH(OH)- 

• (l-oathyl-3-pip«ridinyl)-CH 2 0C(0)-) 



60 



59 



42 



TO 



75 



90 
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R m- V * 1 - NH N / Cbz-Val-NH 



255 y -CH{0K)- 



Ph 

< R m " (l-»«thyl-2-pip«ridlnyl)-CH 2 OC(0)-) 
256 y -CH(OH)- U2 



(R n2 - U-imidaxolyi)-CH 2 C<0)-) 

257 V" -CH<OH)CH<OH)- HOC (Or^V' C l ° ,NH V 

<R n3 - (2-pyrldinyi)-CH 2 OC<0>-) 



258 



R^^-Val-NH^x R 4l4 -Vai-NH 
J -CM (OH)- 414 

^ Ph 
(R 414 - <2-pyridinyl)-CH 2 CH 2 C<0>-). 

r 



259 - y -CH(OH)- "* 



Ph 1 

<R 415 - PhCH 2 NHC(0)-) 



Ph 



, - A R n$ -Val-NH ^ R u$ -Vai-NH 

260 J -CH(OH)- " § >T 



<R m - <2-pyridinyl)-CH 2 NHC<0)-> 



, C1 ^iT-Val-NH^ R 4l ,-Val-NH 

261 -CH(OH)- fl 

Mr Ph 
(R U7 - <3-pyridinyl)-CH 2 NHC(0>-) 



CHjOCHjO^^C (0>NH^. CH 3 OCH 2 O^C (0) MH , 

262 JT -CH(OH)CH(OH>- | 



65 



43 
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10 



is 



30 



263 



V^J -CH(0H)CT 2 - 



Cbz-Val-NH,^ 

264 J -CH(OH)CF 2 - Cbz-Val-NH 



Cbz-Val-NH^^ 



265 



266C 



20 Cbz-val-HH 

267 



268 



Ph - 

(R 4 n - <2-pyridinyX)-CH 2 OC{0)-) 



269 



Ph' 

(R 419 - (2-pyridinyl)-CH 2 OC(0)-) 



270 



Ptf 

< R «o " (2-pyridinyl) -Cfl 2 0C (0) -) 



271 



X 



s^J -C CO) CF 2 - Cbz-Val-NH^ 

f -CH (OH) CF 2 - ^ 

PIT »w> 



l «V^ Cbz-Vai-NH^^ 

y -ch(oh)ct 2 - 

1 pit 

V -CH«0H) CT2 - WVtt-W^ 



R^H-Val-NH^ R« la -Val-NH 

Ph' 

Rui-vfci-m^ . h : n 

Ph' 

R420~ V *1"" N H BOC-NH 



^ -CH(0H)CT 2 - " : V 



^ -CH,0H,C7 2 . BOC-MH^ 

1 PIT 



J -CH<OH)CT 2 - 2 



(R 421 - <2-pyridinyl) -CH 2 0C (0) •) 



so 



55 



44 
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272B 



273 



Cba-NH 



274 



275D 



276 



277 



278 



279 



280 



281B 



Ph 

Cbx-Val-HH 



r 



Cbx-Val-NH 



r 



x 



Ph' 

Cbx-Val-NH^* 



Ph 1 

Cbx-Val-NH 



r 



Ph* 

Cbx-Val-NH^,^ 



Ph 4 

Cbx-Val-NH 



Mr 



Cbx-Val-NH 



v 



Ph 1 



Cbx-Val-NH 



Ph' 



j 



Cbx-Val-NH 



(R «a " 2-pyridlayl) 



r 



•CH(OH)CF 2 - 
-CH(OH)Cr 2 - 
-CH(0H)CF 2 - 

-CH (OR) cf 2 - 

•c(o)cr 2 - 

-CH(OH)CT 2 - 
-CH(OH)CT 2 - 
-CH<OH)CT 2 - 

-c<o>.cf 2 - 

-ch(oh)ch(oh)« 



HO. 

Ph 

o, 

Ph 



y 

y 
y 



PhCh 2 Ch 2 



PhCh 2 Ch 2 



^ Ph"* 

HH' C(0,0 «S^ 

ca^o^ 
PIT 



ph 

Cbx-Val-NH 



r 



45 



10 



15 



20 



36 
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Cbz-Val-KH^ Cbx-Val-NH 

282B T -CH(0H)CH(0H)- 

R 42i s RojS 
<R« 23 - l-mathylimidaxol-2-yl) 

Cbx-Val-NH^ Cbx-Vai-NH 

283B T -CH(0H)CH(0H)- 

R ««S R, 24 S 
(R 42 « - 2-pyriaidinyl) 

Cbx-Val-NH,^ Cbz-Val-NH 

284B T -CH(0H)CH(0H>- 

(R« 2 3 " cyclohaxyl) 

Cbx-Val-HH ^ Cbx- val-NK 



285B 



rcoz-vai-NH 
-CH{0H)CH<0H>- 

1 a 



R m* R 42l s 
(R <2« " 4-pyridiayl) 

Cbx-Val-MH^ Cbx-vai-HH 

2 8 SB J -CH(0H)CH(0H>- 

R «" s R«„S 

(R 427 - tart-butyl) 

Cbx-Val-NH^x Cbt-Val-NH 

287B J -CH(0H)CH(0H)- 

*«*a* R,, fl S 

< R <28 * •thyl) 



288C Cb*-V.l-NH^ (0H)CH (0H) . Cbx-V.l-MH 




?aa a Cbx-Vai-HH^ Cbx-Val-NH 

289B J -CH<08)CH(0H)- 



40 Cbx-Val-WH^^ Cbx-Val-NH 

290B T -CH(0H)CH(0H)- 

<p-H0)-C g HJ^ (p-H0)-C 4 H; 



60 



55 



46 
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60 



291 



Cbz-Ile-NH^ Cbx-Ila-NH 

Ph' 



Ph 



-CH (OH) - 

i 

r 



292 I -CH(OH)- 



Ph' 

Cbz-Vil-NH ^ Cbz-Val-NH 



Ph 



TO 2938 J -CH(0R« a9 )- 

(R <2 9 " <4-n*thylpip«razin-l-yl)CH 2 C(0)-) 

Cbt-Vai-NH^ Cbz-Val-NH 
294 y -CH(0R O0 )- 

*«r Ph 
(R oc - (morphoiin-4-yl) CH 2 C (0) -) 

oaem Cbx-Vai-NH^ Cbz-Val-NH 

» 295B y -CH(OR ol )* 

PH 

(R ol - m-((4-mathylpip«raiin-l-yl)CHj)C < H < C(0)-) 

Cbx-Val-NH^ Cbz-Val-NH 
» 296 -CH<0R na )- 

ptr p h 

<R, 32 - m-Umorpholin^-yDCH^CgHjCCO)-) 

Cbx-Val-NH^ Cbz-Val-NH. 
W 297C y -CHtORoj)- ^ 

p h ^ 

(R l33 - p-( (4-Mthylpip«r«xia-l-yl)CH 2 )C < H 4 C<0)-) 



298 



Cbx-Val-NH^ Cbz-Val-NH^ 

T -CH(0R O4 )- ^ 

£R o< " P-< (norphollaM-yl)CH 2 )C 6 H 4 C(0)-) 

299C J -C(-NOH)- > 

Mr Ph^ 



66 
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300 



301 



BOC-NH BOC-NH ^ ^ 

J -CH(NH 2 )- y 

- 1 P*T 

BOC-NH ^ BOC-KH 

Cbx-Val-NH^ Cbz-Val-NH.^ 

J J 

PIT \ Ph > 

yC(0)OCH s ch(oh ^ y C,0,OCH ' 



ro 302B 



303B 

15 



304B 



305 



306 



307D 



308 



V^C (0) -Val-OCH 2 Ph (0) -Val-0CH 2 Ph 

T -CH(OH)- y * 



N^CtO-Vai-OCHjPh -CH<0H)CH(0H>- X^C (6) -Val-OCH 2 Ph 
OH L 



yC(0).Vl-OCH 2 Ph ^ (0H)CH(0H) ^ Y C( ° , - Val -° CH = Ph 
PlT p h > 
,C (0) -Val-OCHjPh 



Y ' -CH(OH,CH(OH,- Y C(0, " Vtl "° CHiPh 

J -Cfl(OC(0)CB 2 NH 2 >- >p 



50 
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Cbx-\ 



29 



PIT f F Ph 

310 y -CH(OH)CH(OH>- 

™ Ph 



r 

10 Boc-NH,^* (Cbz) (PhCH 2 )N 



313 T 



PIT ph 
BOC-NH^^ - BOC-NH 



BOC-NH 



ao wtr Ph 

BOC-MH^^ BOC-MH 

314 y -CH(OH)CHj- 

Mr Ph 



BOC-NH-^ BOC-NH 
315B y -CH(OH)CH{NH 2 )- 

«T Ph 



40 



45 



50 



65 
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10 



is 



so 



55 



Ros-^l-NH^/ R OJ -Val-WH 
316 J -CH(0H)CH(0H)- 5 

(R 433 - quinolin-2-carbonyl) 

H-Val-WH^* H-Val-NH 
3 * 7 J -CH(0H)CH<0H)- 

P1T 



318 



Ph' 

< R 07 **quinolin-2-carbonyl) 
R«i-Val-NH, 



PH 

(R43S " indol«-2-carbonyl) 



Ph' 

(R 09 - indola-2-cartoonyl) 



r 



Ph - 

<R<«3 - indoi«-2-carbonyl) 



?h 



J -CH(0H)CH<0H)- " § 

(R 43fi - quinol±n-2-carbonyl> 

H-Val-NH^ K-Val-NH 



rn-vax-N« 
-CH(0H)CH(0H)- 



319 

™T Ph 



Ro^-Val-NH^ R t „-Val-MH 

Ph 



20 320 ° 7 *" " -CH(0H)CH<0H>- R ° 7 



„, Nn-vn-wn^ R ul -Val-WH 

321 J • -CH(0H)CH(0H)- ,,B 



Ph 



R 43f- V *^- N H V ^ R 0 ,-Val-NH 
322 T -CH(0K)CH<0H)- "* 



Ph 



323 J -CH(OK)CH<0H>- "° 



Ph 



50 
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10 



T5 



90 



50 



324 



R m y^ C(0,NH Y^ Rhiy CI0,nh v / 
J ph J -CH(0H)CH(0H)- ^JT 

. .OCT 



H 



325 "*T I -CH(0H)CH(0H)- 




^ Ph^ 



20 c-buocioich^h^ t-BuOC(0)CH 2 NH 

30 326 y -CH(0H)CH{0H)- 2 



9YT 



327C J -CH(0H)CH(0H)- y 



(R«o - 2-fornylph«nyl) 
328 



GOT " c "'™- (XX 
00C COT 

(R|«« - -C(O) NH-t-butyl) 

330E X^*Y*m -CH (0 H)- jj^W-S^ R «4j 

(R«« s - -C(0) NH-t-butyl) 

<R m - -C<0) NH-t-butyl) 



332B jX^-XV^ R 40 -ca<OH)CM(OH)- ,X^sXV^ R «o 

(R 44 , - -C<0) NH-t-butyl) 

333 • • |^Y^ R ' U -CH(0H)CH{0H)- ^V-^S^ R «4i 

(R« 4 , - -C(0)NH-t -butyl) 



51 
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The compounds of the invention can be prepared as shown in Schemes 1-13. The syntheses of 
segments (II). (III). (IV), and (V) are described in the Examples. The process shown in Sch me 1 discloses 
the condensation of carboxyllc or sulfonic acid Q • OH to segments (II) and (III) in the presence of a 
coupling reagent to give (VI) and (VII), respectively. The process shown in Scheme 1 also discloses th 

3 condensation of segments (IV) and (V) to NRijRu in the presence of a coupling reagent to giv (VIM) and 
(IX), respectively. Coupling reagents known jn the art which can be used include, but are not limited to. 
dicyclohexylcarbodiimide (DCC), 3-ethyl-3'-(dimethylamino)propylcarbodiimide (EDC), bis(2oxo-3-ox- 
a2o!idinyl>-phosphinic chloride (BOP-CI). dipenylphosphoryl aide (DPPA) and the like. 

In addition to the use of the carboxylic acids or sulfonic acids shown in the scheme, acid haiide and 

jo other activated ester derivatives of the carboxyllc acid or sulfonic acid are useful for the coupling reactions 
with (II), (110, and HNRi 5 R t| . Acid haiide derivatives include the acid chloride. Activated ester derivatives 
include activated esters commonly used by those skilled in the art for activating carboxylic acid groups for 
coupling with an amine to form an amide bond or for coupling with an alcohol to form an ester bond 
including, but not limited to. formic and acetic acid derived anhydrides, anhydrides derived from aikoxycar- 

15 bonyl hafides such as isobutykixycarbonylchtoride and the like, N-hydroxysuccinimide derived esters. N- 
hydroxyphthaiimide derived esters, N-hydroxyben20trlazole derived esters, l^ydroxy-5-norbomene-2.3- 
dlcarboxamide derived esters, 2.4,5-trichlorophenol derived esters and the like. 

The compounds of the invention having a fluorinated X group can be prepared as shown in the 
synthetic Scheme 2. The process shown in the synthetic scheme shows the preparation of the key 

so intermediate XV. The synthesis starts with a protected amino alcohol X, which was oxidized by Swem 
oxidation to the corresponding aldehyde XL Reformatsky reaction with ethyl bromodifluoroacetate provided 
XH Deprotection of XII. followed by treatment with phosgene gave XIII which upon hydrolysis of the ester 
and treatment with an organometaJlic such as an aikylllthium or alkyl Qrignard provided compound XIV. 
Oxime formation from XIV and hydrogenation, followed by basic hydrotysis of the oxazolidinone ring gave 

38 the key intermediate XV. Coupling of protected amino acid, or amino acid derivatives or peptidyl fragments 
J to the intermediate XV provides the compounds of the invention XVI.. Oxidation of XVI provided th 
compounds of the invention XVU 

Compounds of the invention wherein X is -CH(OR„iKan be prepared as shown in Scheme 3. Th 
process shown in Scheme 3 discloses the reduction and subsequent addition of vinytmagnesium bromid 

so to protected aminoester XVlll. The resulting alrytic aJcohol XIX is mesylated to provide XX, which is treated 
with a Qrignard reagent and catalytic CuCN to provide olefin XXI. Epoxidation of XXI leads to XXII which is 
regioselectively opened with azide anion to provide XXIII. Reduction of the azide gives XXIV and 
deprotection provides XXV, both of which can be coupled according to Scheme 1 to provide compounds of 
the Invention. 

3$ Compounds of the Invention wherein X is -CH(ORaotKH(OR 2 o2)- can be prepared as shown in 
Scheme 4. The process shown in Scheme 4 discloses the oxidation of XXVI to protected aminoaldehyde 
XXVU Reductive dimerization of XXVII provides the doubly protected diaminodiol XXVIII, which is deprotec- 
ted to give diaminodiol XXX Coupling of XXDC according to Scheme 1 provides compounds of the 
invention. 

40 Compounds of the invention of the the type XXXJI, In which d-0 or 1 and Rj and Rsoo are as defined 
above, may be prepared as outlned In Scheme 5. Thus the known aziridine XXX (Y. L Merrer. et ai 
Heterocyctos, 1987, 25. 541-548) it acylated (e.g. wfth Q - Cbz-vaiine). sulfonated (e.g. with Q ■p-toluen 
sulfonic add), or phosphorytated (e.g. with G-dlphenylphosphinic acid), to provide compounds of the 
formula XXXL These compounds are In turn treated with various nucleophiles, such as thiols, alcohols, 

48 amines, <* organometalOc reagents, which serve to open the aziridine ring. The acetonide <aw be removed 
by acid hydrolysis. When Q is a sulfonic add residue, e.g. p-toluenesulfonyl, this group may be removed 
reductfvely, for example, with sotfum In liquid ammonia or with sodium napthaienide, to provide compounds 
of the formula XXXII wherein Q is hydrogen. These compounds, in turn, can be N-acylated with protected 
amino adds. e.g. Cbz-vaiine. to provide additional compounds of the formula XXXIL 

so As outlined In Scheme 8. compounds of the Invention of the formula XXXVI and XXXVII may be 
prepared by acylation of XXXIII with bromoacetyl bromide, followed by displacement of the bromide with 
various amine nucleophiles. R«oo and Rtoi may be selected Independently from hyrodgen and alkyl. or 
may constitute a heterocyclic ring incorporating the nitrogen to which the are appended, e.g., rings such as 
morphoflne, piperidine, and piperazine. Compounds of the invention of formula XL and XU may be prepared 

5S by acylation of XXXIII with (chtoromethyl)benzoyl chloride, followed by displacement of the benzyiic 
chloride group with various amine nucleophiles. 

As outlined in Scheme 7, compounds of the invention of fQrmula XLV and XLVI, and L and U, are 
prepared in analogous fashion from compounds XUI and XLV1L 
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As outlined In Scheme 8. compounds of the invention of the formula Ui! are prepared from compounds 
of the formula UI by treatment with dlazomethane. Compounds of the formula UV may be oxidized to 
ketones of the formula LV by treatment with the oxaiyl chloride/DMSO reagent followed by treatment with 
triethylamine. Ketones of the formula LV may be converted to epoxides of the formula LVI by tr atment with 
s diazomethane. 

As outlined in Scheme 9 t the compound of the formula LVII (C. H. Chen, et al. J. Org t Chem^ 1981, 46. 
2752-2757.)is converted to the compound of the formula LVIII by hydrogenation, reduction with sodium 
borohydride. followed by saponification of the ester to provide the diadd. This compound is in turn, coupled 
with various amino acid esters or amides to provide compounds of the formula UX. wherein R«oj may b 
10 NH or 0, and R* is as defined above. 

As outlined in Scheme 10. compounds of the formula DC (W.N. Haworth. et al. J. Chem. Soc.. 1944. 
217.) are treated with amino acid esters or amides, followed by acetone with an acid catalyst followed by 
trifiic anhydride to provide compounds of the formula LXI, wherein Rt 0 , may be NH or O. and R 3 is as 
defined above. These compounds are in turn treated with various alcohol, thiol, or amine nucleophiles. 

is followed by acid catalyzed hydrolysis of the acetonide, to provide compounds of the formula LXII. wherein 
R«oj may be NH or O, and R* and R$oo are as defined above. 

As outlined in Scheme 11. the dlepoxide LXJll (R.S. Tlpson. et al. Carbohydrate Research. 1968. 7, 
232-243.) Is converted to the diester of the formula LXJV by oxidation, first with the DMSO/oxaJyl chloride/ 
triethylamine reagent (Swem reagent) to the dlaidehyde, and then with bromine in methanol/aqueous 

20 sodium bicarbonate. This compound Is in turn treated with various alcohol, thiol, or amine nucleophiles or 
with organometalllc nucJeophile*. followed by protection of the alcohols with a protecting group p',' to 
provide compounds of the formula LXV, wherein d - 0 or 1, and Rsoo and Ri are as defined above 
Saponification of LXV followed by coupling with various amino acid esters or amides and deprotectlon of 
the alcohol protecting groups provides compounds of the formula LXV1, wherein R*oa may be NH or O. d » 

38 0 or 1 .and Rsoo and R* are as defined above. 

As outlined in Scheme 12, the compound of the formula LXJll may be oxidized with the Swem reag nt 
in a solvent like THF. and without isolation, treated with an organometalllc reagent such as a Grignard 
reagent to provide compounds of the formula LXVII. These compounds, may in turn, be converted to the 
carbamates LXV1II with an Isocyante, wherein R| 04 is hydrogen or benzyl or subsituted benzyl. These 

30 carbamates may then be treated with a strong base such as potassium t-butoxide or sodium hydride in a 
suitable solvent such as THF, and the resulting cyclic carbamates treated with hydrogen over a palladium 
catalyst to provide compounds of the formula LXDC 

As outlined in Scheme 13, compounds of the formula LV may be converted to the oxlme LXX with 
hydroxyzine hydrochloride in the presence of pyridine. These compounds may then be reduced with 

3S hydrogen over a catalyst to provide compounds of the formula LXXL 
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Scheme' 1 
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Scheme 4 
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The following examples will serve to further 
illustrate preparation of the novel compounds of the 
invention. 



Example 1 



A. Bls-(2-phenylethyl)sutf!de 

A solution of 7.65 g (32 mmoQ of sodium sulfide nonahydrate and a7 ml (64 mmol) of 2-toromoethyt- 
benzene in 150 ml of 1:1 tetrahydrofuran:methanol was heated at reflux under Inert atmosphere. After 24 h. 
the solution was allowed to cool and concentrated In vacuo to give the crude desired compound. 

B. Bis-{2-phenylethy0sutfbne 

A solution of the resultant compound of Example 1A (32 mmol) In 100 ml of methanol and 50 ml of 
water was cooled to 0'C and treated with 29 g (42 mmol) of OXONE The resulting mixture was stirred at 
ambient temperature for 8 h, partitioned between dlchloromethane and water, and the aqueous layer was 
washed with dlchloromethane. The combined organic layers were conce n tr ate d In vacuo, taken up in 
dlchloromethane, washed with water, dried over MgSO*. and concen tr ated to give 7.57 g (87%) of the 
desired compound (R« 0-24, 25% ethyl acetate in hexane) as a pure white soBd, m.p. 98-99 *C. 'H NMR 
(COOjU 3.1-3JJ (m, 8 H), 7.15-7.2 (m. 4 H), 7-25-7.35 (m, 6 H). Mass spectrum (M + NK*)* - 292. 
AnaL Calcd. for CuHnOaS: C, 70.04; H, 6.61; S. 11.68. Found: C, 70.07; H. 6.63; S. 11.44. 



Example 2 
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Bis-(2-phenylethyl)sulf6xide. 



A solution of 725 mmol of the resultant compound of Example 1 A in 40 ml of methanol and 10 ml of 
s water was cooled to 0* C and treated with 223 g (3.63 mmol) of OXONE. After being stirred at 0' C for 2.5 
h. the solution was partially concentrated In vacuo, diluted with water, extracted with three portions of 
chloroform, dried over MgSOi, and concentrated. Flash chromatography using 30% ethyl acetate in 
chloroform gave 1.37 g (73%) of the desired compound (Rf 0.30 f 30% ethyl acetate in chloroform) as a 
pure white solid, m.p. 70-71*0. 'H NMR (CDCt») 2 2.M.0 (m, 4 H), 3.0-32 (m. 4 H), 72-7.4 (m, 10 H). 
to Mass spectrum: (M ♦ H)* • 259. 

Anal. Calcd. for Ci«HuOS: C, 74.38; H. 7.02; S, 12.41. Found: C, 7428; H. 7.04; S. 12.16. 



Example 3A and 38 

J5 



1.5-Diphenyl-3-pentanone (3A) And 1 ,5-Oiphenyl-3-pentanol (3B). 

20 

A mixture of 1.00 g (427 mmol) of dibenzylidene acetone and 0.15 g of 10% palladium on carbon in 
150 ml of methyl cellusorve was shaken under 4 atm. of hydrogen for 2 h. The solution was filtered and 
concentrated in vacuo. Flash chromatography using 10-20% ethyl acetate in hexane gave 0.60 g (59%) of 
1,5KJiphenyl-3-pentanone (R| 0.43. 20% ethyl acetate in hexane) as a colorless oil and 029 g (28%) of 1,5- 

25 diphenyl-3-pentanol (R, 0.36) as a white solid. m.p. 43-45 # C. 1 ,5-apheny»-3-pentanone: 'H NMR (CDCM 5 
2.71 (t J - 7 Hz. 4 H), ZJB9 (t J « 7 Hz. 4 H), 7.1*72 (m, 10 H). Mass spectrum (M + NKU) + - 256. 
Anal. Calcd. for C17H11O: C. 85.67; H. 7.61. Found: C. 85.39: H, 7.63. 

1,5-DiphenyM-pentanol: 'H NMR (CDCI,) 5 1.39 (d, J ■ 5 Hz. 1 H), 1.7-13 (m, 4 H), 2.6-2.9 (m, 4 H). 
3.68 (m, 1 H), 7.1-72 (m. 10 H). Mass spectrum (M + NH*)* • 258. 

30 Anal. Calcd. for CaHwO: C. 8436; H, 829. Found: C. 84.89; H. 8.18. 



Example 4 

35 



1 ,3-Diphenoxy-2-propanol. 



40 According to the procedure of Rantadosi et al. (J, Med Chem.. 1976, 19. 222) a solution of 4.0 ml (45 
mmol) of phenol in 30 ml of dtaxane was treated with 0.95 g (24 mmol) of powdered sodium hydroxide and 
heated to reflux. Upon dssoJution of the solid, the brown, refluxing solution was treated dropwise with 1.69 
ml (22 mmtf) d epichJorohydrln over a period of 10 mln. After being heated at reflux for 5 h. the solution 
was cooled, concentrated In vacuo, taken up into ether, washed with several portions of water, dried over 

45 MgSOi. and concentrated ReaystalBzatfon from 2-propanol gave 137 g (35%) of the desired compound 
(Re 023, 30% ethyl acetate In hexane). 'H NMR (CDCIj) * 2.58 (d. J - 5 Hz, 1 H), 4.18 fdd. J - 10, 6 Hz. 
2 H). 4.17 (dd. J - 10. 6 Hz. 2 H). 4.40 (sextet J - 8 Hz. 1 H). 83-7.0 (m, 6 H) ( 72-7.35 (m. 4 H). Mass 
spectrum (M + NhU) - 282. 

50 



Example 5 



55 

1 ,3-Dfphenoxyacetone. 
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A solution of 0.44 ml (6.2 mmol) of dimethylsulfoxide in 25 ml of dichlorom thane was cooled under 
inert atmospher to -63*0, treated with 2.3 ml (4.6 mmol) of oxaiyl chloride (2M In dichloromethane), and 
stirred for 15 min. A soluti n of 0.75 g (3.1 mmol) of the resultant compound of Example 4 in 10 ml of 
dichloromethane was subsequently added, th solution was stirred for 30 min t and 1.73 ml (12.4 mmol) of 
triethylamine was added. After stirring for an additional 15 min, the solution was quenched with 10% 
aqueous citric acid, poured into a mixture of 1:1 etherrhexane and 10% citric acid, extracted with ether, 
washed with aqueous brine, dried over MgSOi, and concentrated to a yellow oil. Purification by flash 
chromatography using 20% ethyl acetate in hexane gave 0.62 g (83%) of the desired compound as a white 
crystalline solid, m.p. 55-57 C. NMR (COCI,) * 4.89 (s, 4 H), 6.92 (m, 4 H) ( 7.02 (m. 2 H), 7.30 (m 4 H)' 
Mass spectrum (M + NhU) » 260. 



Example 8 



A 3-Hydroxy-S-phenyM -pentene. 



Vinylmagnesium Bromide (120 mmol. 1 M) in ether was added to 80 ml of dry tetrahydrofuran and 
cooled under inert atmosphere to 0 C. HydrodnnamaJdehyde (8.0 ml, 81 mmol) was added dropwlse, and 
the solution was stirred for 10 min, quenched cautiously with saturated aqueous ammonium chloride 
extracted with ether, washed with saturated brine, dried over MgSOi, and concentrated to give 932 o 
(98.6%) of the crude desired product 



B. 3-<t-Butyldlmethylslly loxy)-5-phenyH -pentene. 



A solution of the resultant compound of Example 6A (9.82 g, 60.8 mmol) and 8.2 g (120 mmol) of 
imidazole In 30 ml of dimethytformamide was treated with cooling (cold water bath) with 10 g (66 mmol) of 
t-butyldimethyisilyl chloride and stirred at ambient temperature. After 1 h. the solution was diluted with M 
etherhexane. washed with three portions of water, dried over MgSO*. and concentrated In vacuo. Flash 
chromatography using 3% ethyl acetate in hexane gave 13.2 g (79%) of the desired compound as a 
colorless oil. <H NMR (CDd.) I 0.04 (s. 3 H). 0.07 (s. 3 H). 0.90 (s, 9 H), 131 (m, 2 H), 2.68 (m, 2 H). 4.16 
(q.J - 8Hz,1 H),5.07(dtJ • 10, 1 Hz, 1 H), 5.18 (dt, J - 17. 1 Hz. 1 H), 5.84 (ddd, J - 17. 10, 6 Hz, 1 
H), 7.1-7.3 (m, 5 H). Mass spectrum: (M + H) ■ 277. 



C. 2-(t-Butykfl methylsilyloxyH-phenylbutyralde^yde. 



A solution of 031 g (2J3 mmol) of the^resuttant compound of Example 68 in 20 ml of dichloromethane 
and 10 ml of methanol was cooled to -78* C. A mixture of ozone in air was bubbled through the solution 
until a blue color persisted. Air was bubbled through the solution to discharge excess ozone, and the 
solution was treated with dimethylaufflde. After being stirred overnight at ambient temperature, the solution 
was diluted with dichloromethane, washed with water, dried over MgSOi, and concentrated in vacuo to giv 
0.81 g (100%) of the crude desired product 



D. (ZVMethyl 4^t-ButyldImethylsilyloxy)-6-phenyK2-hexenoate. 



A suspension of 120 mg (3.0 mmol) of sodium hydride (60% suspension in oil) In 20 ml of 
tetrahydrofuran was cooled to 0 C and treated with a solution of 937 mg (235 mmol) of bis(2,2,2- 
trtfluoroe%IXmethoxy^ in 5 ml of tetrahydrofuran. The resulting solution was 

stirred for 10 min at 0 C, treated with a solution of 2.93 mmol of the resultant compound of Exampl 6C in 
5 ml of tetrahydrofuran. and stirTed at ambient temperature for 1 h. The solution was subsequently 
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quenched with aqueous ammonium chloride, extracted with ether, washed with saturated brine, dried over 
MgSOi. and concentrated in vacuo. Rash chromatography using 3% thyl acetate in hexane gav 578 mg 
(59%) of the desired compound. 'H NMR <CDCI 3 ) 5 0.02 (s. 3 H), 0.08 (s. 3 H), 0.90 (s, 9 H), 1.83 (m. 2 H) f 
2.64, (ddd, J » 13, 11, 6 Hz, 1 H), 2.77 (ddd. J ■ 13. 11. 6 Hz, 1 H), 3.70 (s, 3 H). 5.38 (br q, J * 7 Hz. 1 
5 H), 5.72 (dd, J » 11. 1 Hz, 1 H). 8.21 (dd. J - 11, 8 Hz, 1 H), 7.15-7.3 (m, 5 H). Mass spectrum (M + H)* 
- 335. 



EL (2Wt-Butyldimethylsilyloxy>-6-phenyl-2*hexenoic Acid. 
to : 

A solution of 567 mg (f 69 mmol) of the resultant compound of Example 60 in 13 ml of dioxane was 
cooled to 0 # C. treated with 6.5 ml (3.2 mmol) of 0.5 M aqueous lithium hydroxide, and stirred at ambient 
temperature for 24 h. The resulting solution was poured into chloroform/1 N HCI. separated, dried ov r 
75 MgS04. and concentrated to give the desired product % H NMR (COCb) S 0.04 (s, 3 H), 0.09 (s, 3 H). 0.91 
(s, 9 H), 1.88 (m, 2 H), 2.66, (m, 1 H), £78 (m, 1 H). 5.31 (br q, J ■ 7 Hz. 1 H). 5.78 (dd. J ■ 12, 1 Hz. 1 
H) f 6.34 (dd. J » 12, 8 Hz, 1 H), 7.15-7.3 (m. 5 H). Mass spectrum (M + H)* « 321. 



» F. (Z)-rH3-Methylbutyl)-4-{t*trt 



A solution of the resultant compound of Example 6E (225 mg, 0.70 mmol) and 0.85 ml of 4- 
methylmorphofine in 15 ml of dfchkxomethane was cooled to 0' C and treated with 0.10 ml (0.77 mmol) of 

29 isobutyl chloroformate. The resulting solution was stirred for 10 mtn. treated with 0.089 ml (0.77 mmol) of 
isoamytamine. and stirred at ambient temperature for 2 h. The solution was subsequently diluted with 
dichloromethane, washed sequentially with 10% aqueous dtrtc acid and aqueous NaHCO*. dried over 
NaaSO*. and concentrated. Flash chromatography using 15% ethyl acetate in hexane gave 245 mg (90%) 
of the desired compound as an oil. 'H NMR (CDCb) 5 0.04 (s, 3 H), 0.09 (s. 3 H). 0.90 (s, 9 H). 0.92 (d. J = 

30 7 Hz. 6 H). 1.41 (br q, J ■ 7 Hz, 2 H), 1.63 (heptet, J « 7 Hz, 1 H). 1.86 (m, 2 H), 2.63 (m. 1 H), 2.78 (m, 1 
HJ.3.30 (m,2H) ( 5.50(brq.1 H),5.59(dd,J « 11,1 Hz, 1 H). 5.98 (dd, J « 11, 8 Hz, 1 H), 7.15-7.3 (m, 5 
H). Mass spectrum (M + H) -391. 



Q. (Z)-fH3-Methy1birtyfH^ydn3xy 



A solution of 58.7 mg (0.151 mmol) of the resultant compound of Example 6F in 1 ml of tetrahydrofuran 
was treated with 0.18 ml (0.18 mmoT) of tetra-n-butylammonium fluoride (1 M in tetrahydrofuran). After b ing 
40 stirred for 1 h, the solution was concentrated in vacuo. Flash chromatography using 60% ethyl ecetat in 
chloroform gave 26.9 mg (65%) d the desired compound as an oil. 'H NMR (CDCb) 1 0.93 (d. J - 7 Hz, 6 
H). 1.43 (q, J ■ 7 Hz, 2 H), 1 JO (heptet J ■ 7 Hz, 1 H), 1.93 (m, 2 H). 2.80 (m, 2 H), 3.32 (m. 2 H). 4.58 
(m, 1 H), 5.89 (br : 1 H), 5.73 (dd, J « 12, 1 Hz, 1 H). 6,19 (dd, J - 12, 6 Hz, 1 H), 7.15-7.3 (m. 5 H). Mass 
spectrum (M + H) « 276. 



Example 7 



60 

A. N-(3-Methylbutyl)-2-(1 ^xitykflmemylsilylc«y)-3-phen^ 



. 706 resultant compound of Example 6F was treated with diiodomethane and diethylzinc according to 
55 the procedure of Ito (Organic Synthesis, 1980, 59, 1 13) to give the desired compound. 



B; N-(3-Methylbutyl>-2-(1 -hydroxy-3»pheny ipropyl)-c'ydopf opane»1 -carboxamide. 
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Using the procedure of Example 6Q with the resultant compound of Example 7A gav th desired 
compound. 



Example 8 



A. cis-r*(3-MethylbutylWt-bu^ 



A solution of 235 mg (0.59 mmol) of the resultant compound of Example 6F and 270 mg (125 mmol) of 
m-chloroperbenzoic acid in 5 ml of dl ch lorom ethane . was allowed to stand at ambient temperature for 6 d. 
The resulting solution was diluted with ether, washed sequentially with 10% aqueous NaaS 2 Oi *nd aqueous 
NaOH then with saturated brine, dried over MgSCk. and concentrated in vacuo. Rash chromatography 
using 20% ethyl acetate in hexane gave the desired compound as a ca. 2:1 mixture of diastereomers. Major 
diastereomer T H NMR (COCb) t 0.07 (s. 3 H). 0.13 (s, 3 H), 030 (d. J ■ 7 Hz, 3 H), 0.91 (d. J « 7 Hz, 3 
H), 0.96 (s. 9 H). 129 (br q, J « 7 Hz, 2 H). 1.58 (heptet. J « 7 Hz, 1 H). 1.82 (m, 2 H), Z80 (m. 1 H). 2.76 
(m, 1 H), 3.16 (m. 2 H). 3.35 (td, J - 8, 5 Hz, 1 H), 3.51 (d, J » 5 Hz, 1 H), 538 (br. 1 H), 7.15-7.3 (m f 5 
H). Mass spectrum (M + H) • 406. 

Minor diastereomer. 'H NMR (CDCI») I 0.01 (s. 3 H), 0.07 (s, 3 H), 030 (d, J - 7 Hz. 6 H). 031 (s, 9 H), 
127 (br q, J ■ 7 Hz, 2 H), 1.56 (heptet J • 7 Hz, 1 H), 1.99 (m, 2 H), Z73 (m, 1 H), 2.84 (m. 1 H), 3.09 
(m, 1 H), 3.11 (dd, J - 8, 4 Hz, 1 H), 320 (m. 1 H), 3.41 (dt J - 9, 6 Hz, 1 H), 3.51 (d, J « 4 Hz. 1 H), 
531 (br, 1 H), 72-7.35 (m. 5 H). Mass spectrum (M + H)* * 406, 



8. ds-NK3-Methylbutyl)-4-hydroxy- 



Using the procedure of Example 6Q separately with the major and minor diastereomers of Example 8A 
gave, after flash chromatography using 60% ethyl acetate in chloroform, 90% and 86% yields of the 
desired compounds, respectively. Major diastereomer *H NMR (CDCij) i 030 (d, J » 7 Hz, 3 H), 031 (d, J 
■ 7 Hz, 3 H). 129 (br q, J - 7 Hz, 2 H). 1.57 (heptet J » 7 Hz, 1 H). 139 (m, 2 H). 136 (d, J ■ 4 Hz, 1 
H). 2.69 (m, 1 H). 230 (m. 1 H) f 3.03 (m, 1 H). 3.19 (dd, J ■ 8, 5. Hz, 1 H). 322 (m. 1 H), 335 (m. 1 H). 
3.58 (d, J * 5 Hz, 1 H), 6.01 (br. 1 H). 7.15-73 (m, 5 H). Mass spectrum (M + H)* « 292. 
Minor diastereomer 1 H NMR (COCU) I 030 (d, J * 7 Hz, 3 H), 031 (d, J • 7 Hz, 3 H), 126 (m, 2 H), 1.55 
(heptet. J - 7 Hz, 1 H), 2.02 (m, 2 H), 2.47 (d, J « 3 Hz, 1 H) f 2.77(m, 1 H). 235 (m, 1 H),3.11 (m, 1 H), 
3.13 (dd, J « 9, 5 Hz, 1 H), 324 (m, 2 H), 336 (d. J « 5 Hz, 1 H). 536 (br, 1 H), 72-735 (m, 5 H). Mass 
spectrum (M + H) - 292, 



Example 9 



DK2-phenylethyQphosphine Oxide 



To a solution of 25 mmol of (2-phenyl)ethylmagnesium bromide In 25 ml of diethyl ether was added 
dropwise with cooling (Ice bath) 032 ml (7.14 mmol) of diethyl phosphite. The resulting solution was heated 
at reflux for 2 h, cooled, and treated with aqueous ammonium chloride. The product was extracted with 
ether, dried over MgSOi. and concentrated in vacuo. Rash chromatography using ethyl acetate gave 123 g 
(64%) of the desired compound (R, 0.64, 10% methanol in chloroform) as a colorless oiL *H NMR (CDCIj) t 
£0-22 (m, 4 H), 2.85-3.1 (m, 4 H), 6.89 (dm, J - 455 Hz, 1 H), 7.15-7.4 (m, 10 H). Mass spectrum (M ♦ H) # 
■ 259. 
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Exampl 10 



A. 2-(t-Butyloxycarbonylamino)-1 ,S-diphenylpent»3-ene. 



A solution of 1S.1 g (54.S mmol) of the resultant compound of Example 6A and 38 ml (220 mmol) of 
d.isopropylethylamine in 450 ml of dry dichtoromethane was cooled under N, atmosphere in an acetone/ice 
bath and treated dropwise with &5 ml (110 mmol) of methanesutfonyl chloride. The solution was stirred for 
7 mm after addition was complete, then was quenched with 400 ml of 10% citric acid. The bath was 

Tin? i Tl the . miX,U ?^ 8Xtr8Cted with 800 ml oi •*•<• The organic layer was washed sequentially 
with 500 ml of water and 300 ml of saturated brine, dried over MgSO*. and concentrated in vacuo to give 
fte crude mesylate as an off-white solid. To a ftame^rled 3-neck 1000 mL flask equipped with an internal 
tow-temperature thermometer was added 1.45 g (18 mmol) of anhydrous cuprous cyanide. The flask was 
then charged with 500 ml of anhydrous tetrahydrofuran. The suspension was cooled under N- artmospher 
in a dry ica/acatone bath. A solution of phenylmagnesium bromide (55 ml. 165 mmol) in ether (3M) was 
added via syringe. The bath was removed, and the resulting beige suspension was warmed with stirring by 
use of a water bath. As the internal temperature reached s'C, the solid began to dissolve, and the soluti n 
began to turn darker. By the time the internal temperature reached -1 * C. the solution was homoaenous 
and was immediately receded by placement of the flask in a dry Ice/acetone bath. As the internal 
temperature reached *S' C. addition of a solution of the above cnWmwylat. rTsTof ^yd 

a ^ ed I i r CannU " L ^ was stirred at ca. -70* C for 15 min. The bath was Z 

2*^'^™* "*! "n™**** with 100 ml of saturated aqueous ammonium chloride 

followed by 300 ml of ether. At the mixture warmed. 100 ml of 1 N NHUOH was added, and the mixture 
!H .'"LT 1 1™*""*** ^ueou, layer turned dark blue. The mixture 

was then extracted wrth 500 ml of ether. The organic layer was washed with saturated brine and 

^TTJJ^I^J!^ * 8 ^V y9llOW *• ^ "W were extracted with 

s^rld ^f ^^'^""J"" ** 9at3w * * The resulting solution was washed with 
saturated brine, dned over MgSO.. and concentrated to a yellow o.l The oil was taken up in 100 ml of 
d^iorome^ane. treated wfth 50 g of silica gel. and concentrated in vacuo until the residue was a freely 
flowing soOd. The solid was placed on top of a 60 mm column containing 300 g of silica gel and eluted 
t' 200 ? ,0,he r* (t ° Wn ° <™<* as a side produS) followed by £ot£ 

*^^T>"tZ?"' S^f?" 01 * e »■» 9av* 11.85 g (65%, of the desired 

f^T^J? V iCDa9 ' l30mar) * 140 (Sl 9 2 - 7 * 2 - 9 m. 2 H). 3J2 (d. J - 7 Hz. 2 H). 4.4 (br 
2 H). 5.43 (dd. J ■ 15, 6 Hz, 1 H), 544 (dt J ■ 15, 7 Hz, 1 H), 7.0-7.3 (m. 10 H). 



B. 2-<VButytarycartxxrylarninoH ,5-dlphenylpent-3-ene-3,4-oxide. 

^JL^^° °* 11-71 9 (34 ' 75 mmo ° d *• n9u *** compound of Example 10A in 200 ml of 
d^lorerr^ane was tested with 15 g (174 mmol) of solid sodium bicarbonate, cooled to 0* C. and treated 

12 fLUt TZi rr^^^T^ *" (50%) ' ^ ***** suspension was sealed with a septum 

< 5 Qjor day,. The resulting mixture, which contained much precipitate. 
^unT^S Ju^ i?tt/^ w« broken up and washed out wrth 400 ml of 10% 

^J£^J!TSL ^ ther. The twophas. mixture was stirred for 2 hours, and ft 

Z£* Tr« organta layer was washed sequentially with 200 ml portions of 2 M NaOH. 

water, and saturated brine. The combined aqueous layers were extracted wfth 200 ml of ether, which was 
^ m ' 50 mL of aqueous brine, combined with the original organ" 

phase, dried over MgSO.. and concentrated in vacuo. The resulting oil was taken up In 100 ml of 
alchloromeftane. treated wrth 50 g of slOca gel. and concentrate In vacuo until the residue was a freely 
flowing sofld. The solkj was placed on top of a 60 mm column containing 300 g of siBca gel and eluted 
sequentially wrth 1000 ml of 5% ethyl acetate in hexane follow* by 3500 ml of 12% ethyl acetate in 
hexane. Concentration of the combined fractions gav 9.36 g (76%) of the desired compound (ca. 4:1 
mixture of dlastereomers) as an oil which solidified upon standing. 
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C. 4-A2ido-2*(t*butyloxycarbonyiamino>-l ,5-diphenyl3-hydroxypentane. 



A solution of 9.1 2g (25.84 mmol) of the resultant compound of Example 10B, 7.0 g (140 mmol) of 
5 lithium azide, and 1.73 g (32 mmol) of ammonium chloride in 75 ml of dimethylformamide and 7.5 ml of 
water was heated in an oil bath at 70* C for 32 hours. After being allowed to cool, the resulting solution was 
treated with 1000 ml of 1:1 ether/hexane and 800 ml of water. The layers were separated, and the aqueous 
layer was extracted with 500 ml of addftionaJ 1:1 ether/hexane. The combined organic layers were wash d 
sequentially with 400 ml of water and 200 ml of saturated brine, dried over MgSOi. and concentrated in 
io vacuo to a solid. The solid was taken up In 100 ml of dichloromethane. treated with 50 g of silica gel. and 
concentrated in vacuo until the residue was a freely flowing solid. The solid was placed on top of a 60 mm 
column containing 300 g of silica gel and eluted sequentially with 1000 ml of 10% ethyl acetate in hexane. 
1000 ml of 15% ethyl acetate in hexane. and 2000 ml of 25% ethyl acetate In hexane. Concentration of the 
fractions gave 9.26 g (91%) of the desired compound as a ca. 4:1 mixture of dlastereomers. 'H NMfl 
rs (CDCIj) I 1.42 (s. 9 H). 2.78 (m, 1 H). 2.89 (m t 1 H), 3.13 (m, 1 H), 3-29 (m. 1 H). 3.41 (m, 1 H). 3.53 (m. 1 
H). 3.80 (m. 1 H). 4.08 (m, 1 H), 4.83 (m. 1 H), 72-7.35 (m. 10 H). Mass spectrum (M + H)* ■ 338. 



Example 11 

20 ~~ 



4-Amino-2Kt-butytoxy<arbony^ 

26 

A rapidly stirring suspension of 10 mg of 10% palladium on carbon in 0.3 ml of methanol was treated 
under inert atmosphere wtth 60 mg (0.95 mmol) of solid ammonium formate. After 3 mln, a solution of 52 
mg (0.13 mmol) of the resultant compound of Example 10C In 0.4 ml of methanol was added. The resulting 
mixture was stirred for 2 h, diluted with methanol and 1 N ammonium hydroxide, filtered through Celite, and 

so concentrated in vacuo. The residue was treated with 1 N NaOH, extracted with two portions of chloroform, 
dried over sodium sulfate, and concentrated. Rash chromatography using 7.5% methanol in chloroform 
gave 37 mg (76%) of the desired compound (R, 0.38. 2.5% methanol/2% isopropylamine in chloroform) as 
a white solid, m.p. 134-135' C. 'H NMR (CDC1,) 5 1.48 (s. 9 H), 2.50 (dd, J - 13, 10 Hz, 1 H), 2.8-3.1 (m, 4 
H),3.41 (brd. J « 7 Hz, 1 H),4.11 (br q, J « 8 Hz. 1 H), 433 (br d. J - 9 Hz, 1 H), 7.15-7.35 (m, 10 H). 

& Mass spectrum (M + H) ■ 370. 

Anal. Caicd. for Ca2H,oN a <V0.15HaO: C, 70.81; H, 8.18: N, 7.51. Found: C, 7039: H, 8.15; N, 7.43. 



Example 12 

40 ~~ 



2.4-Olamino-1 ,5-dlphenyl«3^ydroxyperttane. 

46 

The resultant compound of Example 11 (18 mg. 0.040 mmol) was treated with 1 ml of 4 M HCI in 
dloxane, stirred for 03 h at ambient temperature, and concentrated in vacuo. The residue was partitioned 
between chloroform and aqueous NaHCO*. dried over NajSO* and concentrated to provide the desired 
compound (R f 0.12, 10% methanol in chloroform) as a white solid, m.p. 106-107* C. *H NMR (CDCU) J 2.51 
so (dd, J - 13, 10 Hz, 1 H), 237 (dd, J ■ 13, 9 Hz, 1 H), 235-3.0 (m, 2 H), 3.19 (m, 1 H), 3.38 (m, 2 H), 7.15- 
735 (m, 10 H). Mass spectrum: (M + H)* ■ 271. 



Example 13 

59 



2.4-Bls-((me%l)sulfonyl)amino-1 t 5^iphenyh3-hydroxyperrar^. 
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A solution of the resultant compound of Example 12 (0.049 mmol) and 0.032 ml (0-29 mmol) of 4- 
methylmorpholin in 1 ml of dlchloromethane was cooled to 0*C and treated with 0.008 ml (0.10 mmol) f 
5 methanesuifonyl chloride. After 0.5 h, the solution was washed with 10% aqueous citric add, dried ov r 
NaaS04. and concentrated. Rash chromatography using 5% methanol in chloroform gave 2.6 mg (13%) of 
the desired compound. 'H NMR (CDCIa) 5 2.16 (s, 3 H) t 2.34 (s f 3 H). 2.93 (m, 4 H). 3.41 fd. J » 4 Hz 1 
H). 3.7-3.8 (m. 2 H^3.92 (m, 1 H). 5.06 (d. J • 9 Hz, 1 H), 5.42 (d, J * 9 Hz, 1 H), 7-2-7.4 <m, 10 H). Mass 
spectrum (M + NhU) » 444. 

TO 

Example 14 



is 

2-Hydroxy-1 ,3-dl(N-phenylamino)propane. 



A mixture of 0.25 ml (2.74 mmol) of aniline. 0.107 ml (1.37 mmol) of epichtorohydrin, and 60.4 mg (1.51 
20 mmol) of sodium hydroxide in 2 ml of dlmethylformamide was heated at 110* C for 20 h. The solvent was 
removed in vacuo and the residue was purified by flash chromatography using 5% ethyl acetate in 
chloroform to give 21 mg (6%) of the desired compound (R, 0.63. 40% ethyl acetate in chloroform). 'H 
NMR (CDCIj) S 3.21 (dd, J « 13. 8 Hz, 2 H), 3.37 (dd, J « 13. 4 Hz, 2 H), 4.13 (m, 1 H). 6.65^.8 (m, 6 H). 
7.1 5-7.3 (m, 6 H). Mass spectrum (M ♦ H) » 243. 

2$ 



Example 15 



oo 

2-Hydroxy-1 t 3-dI(S-pheny(thio)propane. 



Using the procedure of Example 4 but replacing phenol with thiophenol gave, after Hash chromatog- 
os raphy using 10% ethyl acetate in hexane. the desired compound (1.21 g, 56%, R« 0-20. 10% ethyl acetate 
in hexane) as a colorless oiL 1 H NMR (COD,) t 2.77 (d, J » 4 Hz. 1 H), 3.05 (dd. J - 14, 7 Hz, 2 H) 3-20 
(dd, J » 14, 5 Hz, 2 H), 3.82 (m, 1 H), 7.15-7.4 (m, 10 H). Mass spectrum (M + NhL)* - 294. 



Example 16 



A. 2-<2-PhenylethylH>phenylb ut-1-ene. 

<* 

A suspension of 1.59 g (4.45 mmoO of methyttriphenylprxwphonlum bromide In 100 ml of 
tetrahydrofuran was cooled to -78 C, treated with 22 ml (4.5 mmol) of n-butylfithium, warmed to 0* C, and 
recooled to -78 C. The resulting solution was treated via cannula with a solution of 1.59 g (4.45 mmol) of 

so 1^dIphenyl-3-pentanone In 20 ml of tetrahydrofuran. After being allowed to stir at ambient temperature for 
2 h. the solution was diluted with hexane. washed sequentially with water and saturated brine, dried over 
MgSO*. and concentrated in vacuo. The mixture was purified by flash chromatography to give 030 g (86%) 
of the desired compound as a colorless oJL 1 H NMR (CDCIj) h 227 (t, J ■ 8 Hz, 4 H), 2.76 (t, J ■ 8 Hz 4 
H) t 4.81 (s, 2 H), 7.15-7.3 (m, 10 H). Mass spectrum (M ♦ NH*) # » 254. 

55 Anal. Calcd for CtiHjO: C. 91.47; H. 8^3. Found: C, 9033; H, 8.56. 



B; 2-<2-PhenylethylH>phenyibut-1 -ene-1 ,2-oxide. 
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A solution of 107 mg (0.463 mmol) of the resultant compound of Exampl 16A In 2 ml of dich- 
loromethan was treated with 150 mg (0.68 mmol) of m-chloroperbenzoic add (80%). After being stirred for 

s 40 min, the solution was treated with 10% aqueous sodium thiosulfate, stirred for 1 h, partitioned between 
ethyl acetate and aqueous NaOH, washed sequentially with water and saturated brine, dried over MgSO«, 
and concentrated. The residue was purified by flash chromatography using 10% ethyl acetate in hexane to 
give 133 mg (99%) of the desired compound (R, 0.25, 10% ethyl acetate in hexane) as a colorless oil. 'H 
NMR (CDCIj) 5 1.95 <m, 4 H), 2.80 <s, 2 H), 2.71 (t, J - 9 Hz, 4 H), 7.15-7-3 (m, 10 H). Mass spectrum 

10 (M + NhU)* ■ 270. 

Anal. Calcd. for CuH 20 O*0.3HaO: C, 83.88; H, 8.06. Found: C. 83.62; H, 7.94. 



Example 17 



A. trans-2^N-Benzy)-N-(beruyloxyca^ ,6-diphenyl-3-hexene. 

20 

Using the procedure of Example 10A but replacing phenylacetaldehyde with N-benzyKN- 
(benzyloxycarbonyl)phenylaJaninal gave, after flash chromatography using 20% ethyl acetate in hexan , 45 
mg (30%) of the desired compound. 'H NMR (d«-DMSO. 100 # Q I 1.32 (s, 9 H), 2.54 (dd. J • 14. 7 Hz, 1 
H), 2.62 (dd, J » 14, 7 Hz, 1 H), 2.77 (dd, J » 14, 7 Hz, 1 H), 2-83 (dd, J - 14, 7 Hz. 1 H) t 4.04 (br pentet 
» J - 7 Hz, 1 H), 4.20 (d, J • 18 Hz, 1 H), 4.33 (d, J » 16 Hz. 1 H), 4.48 (br q, J « 7 Hz, 1 H), 5.03 (AA, 2 
H), 5.44 (dd, J - 16, 6 Hz. 1 H), 5.61 (dd. J - 18, 7 Hz, 1 H), 7.0-7.4 (m, 20 H). Mass spectrum <M*H)* 
- 591. 



38. 2K]^BeruyhrHbenzyloxycartxxiy1)ami .5«dlphenyl-3-hexane. 



A solution of 40 mg (0.068 mmoQ of the resultant compound of Example 17A in 1 ml of tetrahydrofuran 
was treated sequentially with 0.034 ml (0.0034 mmol) of osmium tetroxide (2JS% in WxitanoO and 20 mg 
as (0.14 mmol) of 4-methylmorptoUne-N-oride. After 20 h. the solution was treated with 10% NaaSaOi. stirred 
for 15 min, diluted with ether, washed wfth two portions of 10% NajS?Oi, one portion of water, and one 
portion of saturated aqueous NaHCOj, dried over NajSCU, and concentrated in vacuo. Rash chromatog- 
raphy using 30% ethyl acetate in hexane gave the desired compound (Rf 0.43, 30% ethyl acetate in 
hexane) as a 2:1 mixture of dastsreomers. Mass spectrum (M + H)* « 825. 



Example 18 



4$ 

2-<N-BenzylOTlrK))-S-<t-to^ 



Ammonia (ca. 3 ml) was condensed Into a precooled (-78* Q mixture of excess sodium metal In 2 ml of 
so tetrahydrofuran. A solution of 25 mg (0.040 mmol) of the resultant compound of Example 178 in 1 ml of 
tetrahydrofuran was added, and the resulting solution was stirred for 10 min. quenched with saturated 
aqueous ammonium chloride, allowed to warm to ambient temperature, extracted with ether, dried over 
NaaSOi, and concentrated to give the crude desired product Mass spectrum: (M + H)* * 491. 

55 

Example 19 
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5-Amlnc>-2-(»^ben2ytOTino)-3,4«dlhydfoxy«i,6-diph nyl-3-hexane Dihydrochtoride. 



The resultant compound of Example 18 (18.5 mg, 0.038 mmol) was treated with 1 ml of 4 M HCI in 
5 dloxane. After 1 h, th solution was concentrated in vacuo to giv the desired compound. 



Example 20 

1 ,5"Diphenyh3*hydroxy«3-(hydroxymethyl)pentane. 



75 Using the procedure of Example 17B with 166 mg (0.70 mmol) of the resultant compound of Example 
16A gave, after purification by flash chromatography using 40% ethyl acetate in hexane, 114 mg (60%) of 
the desired compound (R ( 0-27. 50% ethyl acetate in hexane). 'H NMR (CDC!*) t 1.77 (t J * .6 Hz, 1 H). 
1.89 (m. 4 H). 1.91 (s, 1 H). 2.70 (m, 4 H), 3.59 (d. J « 6 Hz, 2 H). 7.15-7.35 (m, 10 H). Mass spectrum 
(M + NhU)* « 28a 

30 Anal. Caicd. for CitH 2a Oj: C. 79.96; H. 8^0. Found: C, 80.19; H. &06. 



Example 21 

28 

A. l.1*Di(phenoxymethyl)ethene. 



» A solution of 2.0 ml (22.7 mmol) of phenol in 40 ml of dloxane was heated to reflux and treated with 
0.96 g (23.8 mmol) of sodium hydroxide. After the solid had dissolved, the solution was treated dropwise 
over a period of 15 min with 1.25 ml (10.8 mmol) of 2<hloromethyi-3-chloro-l -propone. The resulting 
solution was heated at reflux for 6 h, allowed to cool, and c once n tr at ed in vacuo. The residue was taken up 
in ether, washed with several portions of water, dried over MgSCU. and concentrated to a yellow liquid. 

28 Flash chromatography using 10% ethyl acetate In hexane gave 1.72 g (65%) of the desired compound as a 
colorless oil. ! H NMR (CDCI»> 1 4.63 (m. 4 H), 5.35-5.45 (m, 2 H). 6.9-7.0 (m, 6 H), 7.25-7.35 (m, 4 H). Mass 
spectrum (M + NhU)* * 25& 



B. l.l-^phenQxymethyl^thene-l^^oxkje. 



A solution of 0.74 g (3.1 mmol) ol the resultant compound of Example 21 A in 15 ml of dichloromethane 
was treated with 0.52 g (6.2 mmol) of sodium bicarbonate, cooled to 0 # C. and treated with a solution of 0.8 

48 . g (4.8 mmol) of m-chloroperbenzote acid (80%). The resulting solution was stirred at ambient temperature 
for 16 h. treated with aqueous sodum blsumte, stirred for 30 min. extracted with dichloromethane. washed 
sequentially with 1 N NaOH, water, and saturated brine, and dried over MgSCk. Concentration of the 
sofcrtion gave an oil which was purified by flash chromatography using 10% ethyl acetate in hexane to give 
0.44 g (56%) of the desired compound (Rf 0.50, 10% ethyl acetate In hexane). 'H NMR (CDCb) i 3.02 (s, 2 

so H), 4-28 (AA , 4 H), 6.9-7.0 (m, 8 H). 7.25-7.35 (m. 4H). Mass spectrum (M ♦ NH») # - 274. 



Example 22 

55 

N-(3-Methylbutyl)-5-<t-buty^ 
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Using the procedure of Evans et ai. (J. Org. Chem. 1985, 50, 4815) with the resultant compound of 
118 and isoamylamlne gave the desired compound. 



Example 23 



A. 2j-DlmethyM,5-dH2»phenyH -oxoethylH ,3-dioxolane. 

A solution of 7.5 g (20.5 mmol) of N f N f N\N\-tetramethyW t o'HSopropyfideneKj-tartaric diamide (Briggs, 
et ai- J. Chem. Soc Parkin Trnns. /, 1985, 795) in 150 ml of tetrahydrofuran was treated over a period of 
20 min with 41 ml (82 mmol) of becuylmagnesium chloride. The resulting solution was stirred overnight at 
ambient temperature, poured over ice/saturated ammonium chloride, extracted with ethyl acetate, dried over 
MgSO*. and concentrated in vacuo. Rash chromatography using 20% ethyl acetate in hexane -gave 0.83 g 
(12%) of the desired compound as an oiL 'H NMR (CDCIa) I 1.45 (s, 6 H), 3.94 (s. 4 H), 4.70 (s. 2 H), 72- 
7.4 (m. 10 H). Mass spectrum (M + H)* ■ 339. 

8. 3 t 4-Dlhydroxy«1 t 8-dlphenylhexan>2,5^ione. 

The resultant compound of Example 23A (100 mg. 0.3 mmol) was treated with 10 ml of 80% aqueous 
acetic add. heated at reflux for 5 min, allowed to cool, and concentrated in vacuo. The crude product was 
purttled by flash chromatography using 20% ethyl acetate In hexane to give 85 mg (74%) of the desired 
compound (R, 0.15. 30% ethyl acetate In hexane). 'H NMR (COCi*) S 2.39 (d, J * 5 Hz, 1 H), 2.81 (d. J =« 
3 Hz, 1 H) f 3.88 (d, J ■ 15 Hz, 2 H), 4.13 (d, J • 15 Hz. 2 H). 4.40 (br t. J - 3 Hz, 1 H), 4.68 <m, 1 H). 
7.15-7.5 (m. 10 H). Mass spectrum (M + H) - 299. 

Example 24 



1 >M)lpheny^Z3 t 4 t 5-tetrahydroxyhexane. 

According to the procedure of Achmatowicz and Wicha (Tetrahedron Left. 1987. 28, 2999) the 
nwltont compound of Example 23A was treated with sodium borohydride in ethanol and deprotected 
according to the procedure of 238 to give the desired compound as a mixture of stereoisomers. 

Example 25 



A 2^n>ethyM > 5^2-phenyH^ ,3-dloxoiane. 

A solution of the resultant compound of Example 23A (0.5 g. 1.5 mmoO In 10 ml of pyridine was treated 
with 0-22 g (3.2 mmol) of hydroxytamine hydrochloride and stirred overnight at ambient temperature. The 
resulting solution was partitioned between ethyl acetate and water, dried over MgSO*, and concentrated in 
vacuo. Rash chromatography using 10% ethyl acetate in hexane gav 0.53 g (92%) of the desired 



~ r ' m ' *~ ****** w wi uiw woou gy 

compound as an apparent 4:1:1 mixture of Isomers. 'H NMR (CDCIj. major isomer) S 1.40 (s, 8 H), 370 (d, 
J - 14 Hz. 2 H), 3.83 (d, J - 14 Hz, 2 H), 4.58 (s. 2 H), 7.15-7.35 (m, 10 H). Mass spectrum (M + H)* =* 
369. 
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B. 3>Oihydroxy-1,6^iptenylhexan-2.5"dione Dioxime 



The resultant compound of Example 25A was deprotected according to the procedure of 23B to giv 
s the desired compound. 



Example 29 

3.4>Dlhydroxy-1 < 6-dlphenylhexarv2,5-dlone Dimethyl Dioxime 



1$ Using the procedures of Example 25A and 25B but replacing hydroxyzine hydrochloride with 
methoxy amine hydrochloride gave the desired compound. 



Example 27 

20 ~~ 



3,4-Dihydroxy-1 .S-diphenylhexan-ZS-diona Plhydraade 

25 

Using the procedures of Example 25A and 25B but replacing hydroxy iamine hydrochloride with 
hydrazine hydrate gave the desired compound. 



so Example 28 



Bls-<1-phenylbufr2-yl)sutfoxide 

38 

» 

Using the procedures of Example 1A and Example 2 but replacing (2-bromoethyt)benzene with (2- 
bromobut-1 -yl)benzeno gave the desired compound. 

40 

Example 29 



<* A. (2-PhenytethyfHI *fiuoro-2>phenylethyf)suffide. 



According to the procedure of McCarthy et aL W Amer. Own. Soc 1985. 107, 735). the resultant 
compound of Example 2 was treated with cfiethytamlnosulfur trifluoride in dichkxomethane to give the 
so desired compound. 



B.'(2>Pheny1ethyfH1 -fluoro>2-phenylethy l)suffoxida. 

Using the procedure of Example 2 with the resultant compound of Example 29A gave the desired 
compound. 
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Example 30 



5 A. 0-B»nzoyKN t N*dl-<2-phenyiethyl)hydroxylamine. 

According to the procedure of Vaouanc et al. (Synthesis, 1985. 807), N,N-di-{2-phenytethyl)amine was 
treated with bis(diphenylphosphlnyl)peroxide to give the desired compound. 

10 

B. N,N-DI'(2-phenylethyl)hydroxytamin*e. 

is According to the procedure of Vaouanc et al. (Synthesis, 1985, 807), the resultant compound of 
Example 30A was treated with sodium ethoxide to give the desired compound. 'H NMR (CDClj) 5 2.9-3 0 
(m, 8 H), 5.62 (br s. 1 H), 7.15-7.3 (m. 10 H). Mass spectrum: (M * H)* - 242. 

30 Example 31 



1 ,5-Diphenyt»3-pentanone Oxime. 
Using the procedure of Example 25A with 1 ,5-diphenyl-3-pentanone gave the desired compound. 

Example 32 



3-Amino-1 ,5-Diphenylpentane. 
35 ' 

According to the procedure of Feuer and Braunstefn (J. Org. Chem. 1969, 34, 1817), the resultant 
compound of Example 31 was treated with borane to give the desired compound. 

40 

Example 33 



46 N-<1 ,5-Olphenylpent-3-yr)hydroxyiamine. 

A solution of 0.37 g (135 mmol) of 1,5-diphenyW-pentanone In 20 ml of 2-propanoJ was treated with 
0^2g (3-1 mmol) of hydroxylamine hydrochloride and 0.31 g (4.7 mmol) of anhydrous sodium acetate. After 

so being stirred for 10 mln, the mbdure was treated with 0-20 g (3.2 mmol) of sodium cyanoborohydrlde and 
stirred at ambient temperature for 18 h. After concentration In vacuo, the residue was taken up in ethyl 
acetate, washed sequentially with aqueous NaHCOi and saturated brine, dried over MgSO*, and con- 
centrated. Flash chromatography using 40% ethyl acetate in chloroform gave 121 mg (31%) of the desired 
compound (R t 0.16, 30% ethyl acetate In chloroform) as a white solid. m.p. 54-55*C. 'H NMR (CDCU) a 

85 1.7-1.85 (m ( 2 H), 1.85-2.0 (m, 2 H), 2.8-2.75 (m, 4 H), 230 (pentet, J - 6 Hz, 1 H), 5.22 (br. 2 H), 7.1-7.35 
(m. 10 H). Mass spectrum (M + H) - 256. 

Anal. Calcd. for Ci7H 21 NO: C, 79-96; H, 8^9; N, 5.49. Found: C, 79.82; H, 8.39; N, 5.50. 
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Example 34 * 



* A. ^Mathy(-N^ethoxy-24iydroxy>3-phenylpropanamide. 



A solution of 2.0 g (12 mmol) of phenyllactic acid. 1.17 g (12 mmol) of N.CWimethylhydroxyiamine 
hydrochloride, and 1.78 g (13 mmol) of 1-hydroxybenzotriazole in 20 ml of dimethylformamide was treated 

io sequentially with 2.77 ml (25 mmol) of 4-methytmorpholine and 2.53 g (13 mmol) of N-ethyl-N- 
(d!methylaminoethyl)cart)odiimlde. After being stirred at ambient temperature overnight, the solution was 
diluted with ethyl acetate; washed sequentially with water, 10% citric acid, aqueous NaHCOi. and saturated 
brine; dried over MgSOi; and concentred in vacuo to give 2.5 g (100%) of the crude desired compound 
'H NMR (CDCI3) i 2.85 (dd, J ■ 14, 7 Hz, 1 H). 3.08 (dd, J » 14, 4 Hz, 1 H). 3.23 (s, 3 H). 3 72 (s 3 H) 

ts 4.62 (m, 1 H), 7.2-7.3 (m, 5 H). Mass spectrum (M + H)* -210. 



B. N-Methyl>N-methoxy-2-fluoro>3>phenylpropanamide. 

20 

The resultant compound of Example 34A (0.5 g, 2.4 mmol) in 5 ml of dichloromethane was treated with 
0.63 ml (43 mmol) of diethylaminosulfur trtfluoride and stirred at ambient temperature. After 18 h. the 
solution was quenched with water, washed with aqueous NaHCO*. dried over MgSO*. and concentrated. 
Rash chromatography using 20% ethyl acetate in hexane gave 210 mg (42%) of the desired compound <H 
29 NMR (CDC1,) S 3.1-3.2 <m. 2 H). 3.21 (s. 3 H), 3.68 (s. 3 H), $.37 (dm. J - 50 Hz. 1 H). 7.2-7.4 (m. 5 H) 
Mass spectrum (M+NH*) - 229. 



C. 1.5-Dlphsnyl-2-fluoro-3-pentanone. 

30 ~ — — — — — — — . 

A solution of 200 mg (0.1 mmol) of the resultant compound of Example 34B in 3 ml of tetrahydrofuran 
was treated with 0.38 ml (0.38 mmol) of 2-phenylethyimagnesium bromide and stirred at ambient 
temperature for 16 h. The resulting solution was treated with water, extracted with ethyl acetate, washed 
35 ••Quentially with aqueous ammonium chloride, water, and saturated brine, dried over MgSO*, and 
concentrated. Flash chromatography using 5% ethyl acetate in hexane gave 108 mg (44%) of the desired 
compound (R, 0.60, 15% ethyl acetate In hexane) as an oil. 'H NMR (CDCb) 1 2.5-3.3 (m, 6 H), 438 (ddd. J 
« 50, 6, 4 Hz. 1 H). 7.1-73 (m. 10 H). Mass spectrum (M + NKU)* ■ 274, (M + NhU +HsO)* ■ 290. 

40 

Example 35 



48 2.4-gl»-(N-acetytamirK)H .5-dlphenyl^ydroxypentane. . 

A suspension of 0.037 mmol of the resultant compound of Example 12 In 1 ml of aqueous NaHCOa was 
cooled to 0 C and treated with 0.04 ml of acetic anhydride. After being stirred for 40 min, the solution was 
so extracted with dichloromethane. The organic phase was washed with saturated brine, dried over NajSOi. 
and concentrated. The crude material was recrystaJIlzed from dichtoromethane/ethyt acetate to give th 
desired compound (R, 0.7, 10% methanol In chloroform, 90% yield) as a white solid. m.p. 125-126* C. Mass 
spectrum: (M + H) ■ 355. 
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A. ^(t-Butytoxycartxwytamifwya^ydroxy-S-phenyNI -pentene. 



A solution of 10.25 0 # (36.7 mmol) of N-<t-btrtykwycarbonyl)phenylaJanin m thyl ester In 60 ml of 
0 toluene was cooled to -78* C under inert atmosphere and treated dropwise over a period of 45 min with 35 
ml (52.5 mmol) of dilsobutylaluminum hydride In toluene. The resulting solution was stirred for 5 min, 
treated with 200 ml (200 mmol) of vinyimagneaium bromide, and allowed to warm to 0* C for 16 h. Th 
solution was subsequently quenched cautiously with methanol, treated with aqueous Rochelle salts, stirred 
for a few min, and filtered. The residue was digested several times with ethyl acetate and tittered; and the 
io combined filtrates were washed with saturated brine, dried over MgS04, and concentrated. Silica gel 
chromatography using 20% ethyl acetate in hexane gave 5.48 g (54%) of the pure desired compound. 



B. 4-Benzyfc3Kt-butyloxy(»rbony^ 
1$ ' 

A solution of 5.00 g (18.0 mmol) of the resultant compound of Example 38A and 17 ml (180 mmol) of 2- 
methoxypropene in 50 ml of dichtoromethane was cooled to 0* C and treated with 0.21 g (0.83 mmol) of 
pyridinium p-toluenesulfonate. After several h at ambient temperature, the solution was treated with aqueous 
20 NaHCOi, extracted with dichtoromethane, dried over MgS0 4 , and concentrated. Rash chromatography 
using 8% ethyl acetate In hexane gave 5.29 g (92%) of the desired compound as an oil. 



C. 4-Benzyl-3KHxitylo«ycarbony^ 

A solution of 5.28 g (16.7 mmol) of the resultant compound of Example 36B in 60 ml of dich- 
toromethane and 30 ml of methanol was cooled to -78* C and treated with a stream of ozone in air until a 
blue color persisted. Dry nitrogen was bubbled through the solution until the blue color was discharged, and 

so the resulting solution was transferred via cannula to a precooled (-45* C) suspension of 4.5 g of zinc metal 
in 4.5 ml of acetic add, 100 ml of water, and 100 ml of methanol The resulting mixture was stirred for 5 
min, allowed to warm to ambient temperature over 2.5 h, quenched with saturated brine, extracted twice 
wfth dichtoromethane, dried over MgSOi, and concentrated. Rash chromatography using 30% ethyl acetate 
in hexane gave 4.41 g (83%) of the desired compound as an oil which crystallized. 'H NMR (CDCh) 5 1.52 

ss (s. 9 H), 1.54 (br, 6 H), ZB {br, 1 H), 3.3 (br, 1 H), 4.19 (br, 1 H), 4.42 (br, 1 H), 7.2-7.35 (m. 5 H), 9.65 (br, 1 
H). Mass spectrum: (M + H) ■ 320. 



D. (dsVMethyi 3^4-Benzyf^-butytoxycartx^ 

40 [ 

A suspension of 0.21 g (5.2 mmol) of sodium hydride (80% dispersion in mineral oil) In 15 ml of dry 
tetrahydrofuran was cooled to 0*C, treated wfth 1.52 g (4.8 mmol) of bit<2Z2-trrfluoroethyl) 
(melhoxycarbonylmethyr^^ In 5 ml of tetrahydrofuran, stirred for 10 min at O'C, treated with a 

4$ solution of 1.0 g (3.13 mmol) of the resultant compound of Example 38C In 5 ml of tetrahydrofuran, and 
stirred at ambient temperature for 1 h. The resulting solution was quenched with aqueous NhUCI. extracted 
with ether, washed with saturated brine, dried over MgSO*. and concentrated. Rash chromatography using 
15% ethyl acetate In hexane gave 0.82 g (69%) of the desired compound. Mass spectrum: (M + H)* « 376. 

so 

E (ds)-3-(4-Benzyl-3Kt-butytQxycar^ Add 



A solution of 218 mg (0.58 mmol) of the resultant compound of Example 360 in 4.6 ml of dloxane was 
m treated with 2.3 ml (1.2 mmof) of. OJSfA aqueous lithium hydroxide. After 2 h. the solution was diluted with 
chloroform, acidified with 1 N HCJ, partitioned, and the aqueous layer was washed with additional 
chloroform. The combined organic layers were dried over MgSO« and concentrated to give the desired 
compound as a colorless oil 
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F. (ds)-^3-M8thylbutyl}-3H4^ 



According to th mixed anhydride procedure of Example 6F, the resultant compound of Example 36E 
waa coupled to isoamylamine to ©we 251 mg (100%) of the desired compound as a colorless oil. 'H NMR 
(CDCb) I 0.93 (d. J - 7 Hz. 6 H), 1.41 ft, J ■ 7 Hz, 2 H), 1.51 (a, 9 H). 1.57 (s. 6 H). 1.62 (heptet, J - 7 
Hz. 1 H) t 2.9-3.4 (m. 4 H), 3.96 (m, 1 H), 5.20 (m, 1 H), 5.7-6.1 (m f 3 H). 7.15-7.3 (m, 5 H). Mass spectrum: 
(M + Hf « 431. 



G. (dshN-(3-Methytbutyt)-5-amlrx>-^ 



A solution of 48 mg (0.11 mmol) of the resultant compound of Example 36F in 1 ml of dichtoromethane 
was treated with 1 ml of trifluoroacetic acid. After being stirred for 1.75 h. the solution was concentrated in 
vacuo, taken up in 3 ml of 2:1 tetrahydrofuranrwater, stirred for 45 min, treated with solid K 2 CO». extracted 
with chloroform, dried over MgSCU, and concentrated to give 21 mg (64%) of the desired compound. 'H 
NMR (COCU) t 0.92 (d. J - 7 Hz, 6 H), 1.43 (m, 2 H), 1.63 (heptet, J - 7 Hz, 1 H), 2.9-3.1 (m, 3 H), 3.33 
(m. 2 H). 4.50 (m, 1 H), 5.36 <dd ; J « 12, 2 Hz. 1 H), 5.43 (br, 1 H). 6.22 (dd, J - 12, 6 Hz, 1 H>. 7.2-7.35 
(m. 5 H). Mass spectrum: (M + H) # « 291. 



Example 37 



(dsh^H3-Methy^buty^)-5-(acety^ 



A solution of 28.2 mg (0.092 mmoO of the resuftant compound of Example 38Q in 1 ml of dich- 
loromethane was cooled to 0* C and treated sequentially with 0.010 ml (0.092 mmol) of 4-methylmorpholine 
and 0.087 ml (0.092 mmol) of acetic anhydride. After being stined at ambient temperature for 1 h, th 
solution was partitioned between dichtoromethane and water, dried over NajSO*. and concentrated. Flash 
chromatography using 5% methanol In chloroform gave the desired compound (R< 0.15, 5% methanol in 
chloroform). 'H NMR (COO,) I 0.92 (d, J * 7 Hz. 6 H). 1.42 (q, J - 7 Hz. 2 H), 1.62 (heptet J - 7 Hz, 1 
H), 1.94 (s, 3 H), 2.92 (dd. J ■ 13, 7 Hz, 1 H), 239 (dd, J ■ 13, 5 Hz, 1 H), 3.32 (m. 2 H). 4.38 (m. 1 H), 
4.43 (m, 1 H). 5.74 (dd, J - 12, 2 Hz, 1 H), 5.75 (br, 1 H),6.07(br.1 H), 6.13 (dd, J - 12, 5 Hz, 1 H), 6.90 
(d. J - 4 Hz. 1 H), 7.2-7.35 (m, 5 H). Mass spectrum: (M + H)* - 333. 



Example 38 



2.4-BltK((N,^me<hyiamlno)sutfamoyl)aminoh1 ,5^phenyl-3-hydroxypontar>e. 



The resultant compound of Example 12B (0.1 mmoO waa dissolved in 1 ml of dichtoromethane and 
treated sequentially with 0.5 mmol of triethylamine and 02 mmol of (N,N-dImethyl)aminosulfamoyi chloride. 
After being stirred for 3 h, extractive workup gave the desired compound. 



Example 39 



2.4-BlS"(N-<amlnocafbonyl)amino>-1 ,5«d1phenyfc3-hydroxypentane. 
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A solution of 0.1 mmol of the r suttant compound of Exampl 12B and 0.2 mmol of sodium hydroxide 
in 1 ml of water was treated with 0.3 mmol of potassium cyanate. After being h ated to 60 ' C for 1 h, the 
solution was cooled, extracted with chloroform, dried over Na a SO* ( and concentrated to give the desired 
compound. 



Example 40 



DK2-phenylethyl)phosphinic Acid. 



The resultant compound of Example 9 (250 mg, 0.97 mmol) was added to 10 ml of 5.25% sodium 
hypochlorite. The resulting solution was stirred vigorously for 1 h, acidified, extracted wi^h chloroform, 
washed with 1 N Hd and saturated brine, dried over MgSO*. and concentrated in vacuo to give 217 mg 
(82%) of the desired compound (R, 0.12, 20% methanol in chloroform) as a glass. 'H NMR (CDCIj) S 2 0- 
2.1 (m. 4 H), 2.9-3.0 (m, 4 H), 7.15-7.4 (m, 10 H). Mass spectrum (M ♦ H)* - 275. 



Example 41 



A 3-(A2idomethy1)-1 ,5<flphenyh3-hydroxypentane. 

Using the procedure of Example 10C with 242 mg (0.96 mmol) of the resultant compound of Example 
16B gave, after silica gel chromatography using 16% ethyl acetate In hexane, 259 mg (84%) of the desired 
compound. 'H NMR (CDOi) I 1.78 (s, 3 H), 130 (m, 4 H). 2.69 (m, 4 H) ( 3.41 (s, 2 H), 7.2-7.35 <m, 10 H) 
Mass spectrum: (M + NhU) -313. 

B. 3-<AmlnomethyfH 3Kllpr^yK3^ydroxypentane. 

Using the procedure of Example 11 with 158 mg (0.536 mmol) of the resultant compound of Example 
41 A gave, after sIBca gel chromatography using 23% methanol/2% isopropytamine In chloroform. 116 mg 
(81%) of the desired compound (R, 0.36, 23% methanol/2% Isopropytamine in chloroform) as a white solid, 
m*. 104-106 C. 'H NMR (COCh) I 1.1-13 (br. 2 H) t 131 (m, 4 H), 2.70 (m t 6 H). 7.15-735 (m. 10 H). 
Massspecfrun:(M + H) - 270. 

Anat Calcd. for C.Ht.NO: C, 80-26; H, 831; N, 5.20. Found: C. 8336; H. 839; N. 5.8a 

Example 42 



2.8-Oimethyt-5-hydroxynonane 

A solution of 5.63 g (33 mmol) of 2,8-dImethylnonan-5-one In 150 ml of methanol was cooled to 0* C 
and treated with 03 g (21 mmol) of sodium borohydride. After 1 h. the solution was quenched wfth 1 N HCI; 
diluted with 1:1 hexana/ether; washed sequentially with 1 N NaOH, water, and saturated brine; dried over 
MgSOi: and concentrated In vacuo. Rash chromatography using 10% ethyl acetate in hexane gave 2.30 g 
(40%) of th desired compound (R, 038. 20% ethyl acetate in hexane) as a colorless oil. 1 H NMR (CDCM 5 
038 (d, J » 7 Hz, 6 H), 0.89 (d, J - 7 Hz, 6 H), 1.1-13 (m t 10 H), 3.56 (m, 1 H). 
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Example 43 • 



5 A. 2-Benzyl2-6thoxycarbonyH 3-dlthiane. 



A solution of 3.0 g (15.6 mmol) of 2-ethoxycarbonyM ,3-dithiane in 40 ml of dry tetrahydrofuran was 
cooled under inert atmosphere to -78* C and treated with 7.5 ml (15.6 mmol) of n-butyllithium. The resulting 

to solution was warmed to -25* C. stirred for 20 min. recooled to -78* C. treated with 1.8 ml (15.6 mmol) of 
benzyl chloride, and stirred at ambient temperature for 16 h. After quenching with aqueous ammonium 
chloride, the mixture was extracted with ether, washed sequentially with water, aqueous sodium thiosulfate. 
and brine, dried over MgSOi. and concentrated In vacuo. Flash chromatography using 5% ethyl acetate in 
hexane gave 3.9 g (88%) of the desired compound. »H NMR (CDCl*) * 1.33 (t J ■ 7 Hz, 3 H), 1.85 (qt J 

T5 - 14, 3 Hz, 1 H), 2-11 (dm, J - 14 Hz, 1 H), 2.69 (dt J ■ 14, 4 Hz, 2 H), 323 (ddd, J « 14, 12, 3 Hz, 2 
H), 3.38 (s, 2 H). 4-27 (q, J • 7 Hz, 2 H) ( 725-7.35 (m, 5 H). Mass spectrum (M + NH*)* « 300.- 



B. Ethyl 23-Difluoro-3-phenylpropanoate. 
20 " ' 

A solution of 0.50 g (1.78 mmol) of the resultant compound of Example 43A in 15 ml of acetonitrite was 
cooled to 0*C and treated with a solution of 13 g (10.5 mmol) of N-bromosucdnimide in 15 ml of 
acetonttrile and 2 ml of water. After being stirred for 5 min, the solution was added to 1:1 

26 hexane/dlchloromethane, washed sequentially with aqueous sodium bisulfite/sodium bicarbonate, water, and 
saturated brine, dried over MgSOi, and concentrated to give 0.30 g of crude ethyl 3-phenylpyruvate. The 
crude residue was taken up In 3 ml of dry dichloromethane, treated with 033 ml (83 mmol) of 
dlethylaminosulfur trifluoride, and stirred at ambient temperature for 3 d. The resulting solution was cooled 
to 0*C. quenched cautiously with water, extracted with dichloromethane, washed sequentially with water. 

30 aqueous sodium bicarbonate, and saturated brine, dried over MgSOi, and concentrated in vacuo. Rash 
chromatography using 5% ethyl acetate in hexane gave 72 mg (25%) of the desired compound. 'H NMR 
(CDCtj) i 1.25 (t J - 7 Hz, 3 H). 338 (t *W - 16 Hz. 2 H). 434 (q. J - 7 Hz, 2 H), 735-7.35 (m. 5 H). 
Mass spectrum (M * NHU) • 232. 

36 

C. 23-Dffluoro-1 ,5-diphenyt*3-pen U none. 

A solution of 70 mg (033 mmoO of the resultant compound of Example 43B In 3 ml of tetrahydrofuran 
was cooled to -78* and treated with 033 ml (033 mmol) of (2-phenylethyl)magnesium bromide (1 M in 

40 tetrahydrofuran). The resulting solution was allowed to warm to ambient temperature for 1 h. quenched with 
acetic acid In tetrahydrofuran. taken up In ethyl acetate, washed sequentially with aqueous ammonium 
chlorid e, wat er, and saturated brine, dried over MgSOi, and concentrated Rash chromatography using 2% 
ethyl acetate in hexane gave 53 mg (6%) of the desired compound (R, 0.71, 20% ethyl acetate in hexane). 
1 H NMR (C0a,)l232(lJ - 7 Hz, 2 H), 331 (t, J ■ 16HZ.2H), 438 (t J - 7 Hz, 2 H). 7.1-7.35 (m. 10 

46 H). Mass spectrum (M ♦ NH*) ■ 292, (M ♦ NhU + H2O)* » 308. 



Example 44 

60 

Ethyl 23-Difluoro-3-hydroxy-5-phenylpentanoate. 



According to the procedure of Thaisrivongs et aL {J. Med. C/iem., 1988, 29, 2080), ethyl 
bromodlfluoroacetate was condensed with hydrocinnamaJdehyde to give the desired compound. 
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Example 45 • 

5 2^'Dlfluoro-3>hydroxy>S-phenylpentanolc Acid. 

Using the procedure of Example 6E with the resultant compound of Example 44 gave the desired 
compound. 

70 

Example 46 

18 

NK3-Methylbutylh2^^ifluon>34iydroxy-5-phenylpentanamide. 

Using the procedure of Example 8F with the resultant compound of Example 45 gave the desired 
20 compound. 

Example 47 

28 

rH3-Methylbutyl)-2^fluor^ 

no According to the procedure of Thaisrivongt et al. (J. Wed Chem^ 1986. 29, 2060), the resultant 
compound of Example 46 was treated with dimethyisutfoxide and oxaiyi chloride to give the desired 
compound. 

3* Example 48 



40 



Dlbenzyl S^aa-a^-dbergyM.I OKjloxo.7*ydroxy-3,3.1 1 ,1 1-tetramethylWdecanedlcartxxylate. 



The resultant compound of Example 12 (0.1 mmol) was dissolved In 1 ml of dichloromethane and 
treated sequentially with OS mmol of triethylamine and 02 mmol of 3-benzytoxycartxxiyf-2£-dimethyl- 
propanoyl chloride (Matsushita, st aL. Heterocycles, 22, 1403 (1984). After being stirred for 3 h. extractive 
48 workup gave the desired compound. 



Example 49 

50 

5,9-Dlaza-6 t 8<nbefizyl-4,1 0-cf oxo-7-hydroxy-3,3,1 1 ,1 1 'tetramethyltridecanedlcartxxyfk: Acid. 

88 Using the procedure of Example 11 with the resultant compound of Example 48 gave the desired 
compound. 
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Exampl 50 



5 1 .3-DH4-nitrophenoxy)-2-propanol. 



A solution of 1 g (72 mmol) of 4-nitrophenol, 0.28 ml (3.6 mmol) of epichlorohydrin, and 0.16 g (3.96 
mmol) of sodium hydroxide in 2 ml of dimethyKormamide was heated at 110* C for 1 h. The solvent was 
to removed in vacuo, and the residue was purified by flash chromatography using chloroform to give 0.97 g 
(81%) of the desired compound (R* 0.42, 40% ethyl acetate in chloroform). 'H NMR (CDCb) 5 2.54 (d. 5 Hz. 
1 H), 4.28 (dd, J ■ 10, 6 Hz, 2 H), 4.29 (dd. J • 10. 5 Hz. 2 H), 4.50 (br sextet J * 6 Hz. 1 H), 7.0-7.05 
(m, 4 H), 8.2-8.3 (m, 4 H). Mass spectrum (M + NhU)* ■ 352. 

Example 51 



so 1 .5-Dipheny^3^(methoxy)m8thoxy)pentane. 



A solution of 101 mg (0.42 mmol) of 1.5-dlphenyl-3-pentanot, 0.18 ml (1.0 mmof) of ethyl- 
dnsopropylamine, and 0.083 ml (0.84 mmol) of chloromethyl methyl ether in 1 ml of dichloromathane was 

as allowed to stand for 16 h. The resulting solution was taken up in ethyl acetate, washed sequentially with 
10% aqueous citric acid, water, and saturated sodium bicarbonate, dried over NaaSO*. and concentrated in 
vacuo. Rash chromatography using 10% ethyl acetate in hexane gave 109 mg (92%) of the desired 
compound (R t 0.51, 25% ethyl acetate in hexane) as an oil. *H NMR (CDCI*) t 1.88 (m. 4 H), 2.70 (m, 4 H), 
3.44 (s ( 3 H), 3.64 (pentet J ■ 6 Hz, 1 H), 4.70 (s, 2 H). 7.15-7.3 (m, 10 H). Mass spectrum (M + NI-U)* ■ 

so 302. 



Example 52 

38 

A. 2>DH3-pheny1propylH.3-dfthlane. 

40 A solution of 1.0 g (42 mmol) of 2-<3-phenylpropylH ,3-dlthiane in 25 ml of dry tetrahydrofuran was 
cooled^ to -78* C and treated with 323 mi (42 mmol) of secbutyllrthium. The resulting solution -was stirred 
at -25* C far 20 min, recooied to -78* C, and treated with 0.64 ml (42 mmol) of 1 -bromo-3-pheny Ipropan . 
After being stirred at -78* C for 15 min, the solution was allowed to stir overnight at ambient temperature. 
The solution was partitioned between ether and aqueous ammonium chloride, and the organic layer was 

4s washed sequentially with water, 1 M sortum bisulfite, and saturated brine, dried over MgSO*. and 
concentrated in vacuo to give the desired compound. 1 H NMR (CDCts) t 1.85-1.9 (m. 9 H), 2.18 (m. 1 H), 
2^5-2.75 (m, 6 H), 2.78 (I J « 8 Hz, 1 H), 3.40 (t J ■ 8 Hz, 1 H), 7.1-7.35 (m. 10 H). Mass spectrum 
(M + H)* « 357. 

so 

B. 1.7-Dlphenylheptan-4«one. 



A solution of the resultant compound of Example 52A (1.6 g (4.5 mmol) in 20 ml of acetonitrile was 
86 cooled to 0* C and treated dropwise with a solution of 4.8 g (27 mmol) of N-bromosucdnimide In 15 ml of 
acetonitrile and 15 ml of water. The resulting solution was stirred .for 1.5 h, extracted with dichloromethane, 
washed sequentially with 1 M sodium bisulfite, aqueous sodium bicarbonate, and saturated brine; dried over 
MgSOi, and concentrated in vacuo. Rash chromatography using 7% ethyl acetate in hexane gave 0.58 g 
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(93%) of the desired compound (R» 0.33. 10% ethyl acetate In hexane) as an oil. 1 H NMR (CDCIj) 5 1.90 
(pentet J ■ 7 Hz, 4 H), 239 (t, J ■ 7 Hz, 4 H), 2.61 (t J - 7 Hz, 4 H). 7.15-7.3 (m ( 10 H). Mass spectrum 
(M + H)* - 267. 



Example 53 



1 ,7-Dlphenylheptan-4-ol. 



Using the procedure of Example 42 with the resultant compound of Example 52 gave, after silica gel 
chromatography using 15% ethyl acetate In hexane, the desired compound (R ( 023, 30% ethyl acetate in 
hexane) as an oil. 'H NMR (CDCIi) * 1.4-1.8 (m, 8 H), 2.62 (br t 4 H), 3.63 (m, 1 H), 7.15-7.3 (m, 10 H). 
Mass spectrum <M + NH*)* - 266. 



Example 54 



A. (ZH^'Butytt1methytslly1oxy)-6-^ Amide. 



A solution of the resultant compound of Example 6E (57 mq, 0.18 mmoi) and 0.022 ml of 4- 
methylmorphoRne in 3 ml of dichloromethane was cooled to 0* C and treated with 0.028 ml (0.19 mmol) of 
Isobutyl chloroformate. The resulting solution was stirred for 10 min, treated with a solution of 41 mg (0.19 
mmol) of H-Val-VaJ-NHa In 1.5 ml of dimethylformamide, and stirred at ambient temperature for 2 h. The 
solution was subsequently diluted with ethyl acetate, washed sequentially with 10 % aqueous citric acid and 
aqueous NaHCOi . dried over MgSOi. and concentrated. Rash chromatography using 60% ethyl acetate in 
chloroform gave 53 mg (57%) of the desired compound as a 1:1 mixture of dlastereomers. 



B. (ZH44^ydn^-6-prwny^2-r^xenoyl)-Val-Vai Amide. 



A solution of 13 mg (0.025 mmol) of the resultant compound of Example 54A In 0.5 ml of 
tetrahydrofuran was treated with 0.065 ml (0.065 mmol) of tetra-n-butylammonium fluoride (1 M in 
tBtrahydrofUran). After being stirred for 16 h, the solution was concentrated In vacuo. Rash chromatography 
using 7.5% methanol In chloroform gave the desired compound, m.p. 147-149* C, as a 1:1 mixture of 
diastBreomers (R, 0.15, 7.5% methanol In chloroform). Mass spectrum: (M + H)* » 403. 
AnaL Calod. for CuKhtNiCVO-SHjO: C. 64.05; H, 831; N, 10.19. Found: C, 6334; H, 7.65; N, 10.06. 



Example 55 



2^t-ButyloxytarborrylamlrK) 



A solution of 39 mg (0.16 mmol) of Cbz-VaJ-OH, 52 mg (0.14 mm I) of the resultant compound of 
Example 11, and 23 mg (0.17 mmoT) of 1-hydroxybenzotrfazole in 2 ml of dimethyrformamide was treated 
with 0.019 ml (0.17 mmol) of 4-methylmorpholIne, cooled to 0* C, and treated with 33 mg (0.17 mmol) of N- 
ethykN'^dimethylamlnopropyl)carbodiimide hydrochtorid . After being stirred at ambient temperature ov r- 
nigftt, the solution was diluted with ethyl acetate, washed sequentially with 10% citric add, water, and 
aqueous NaHCOi, dried over NaaSOi, and concentrated in vacuo. Separation of the desired compounds by 
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10 



is 



flash chromatography using methanol in chloroform gave 80 mg (95%) of the desired compound (R, 0.40, 
10% methanol in chloroform) as a white solid. m.p. 187-187.5* C. Mass spectrum (M ♦ H) # « 604. 



Example 56 



A. 2-Amirio-4-azido-1 ,5-diphenyl-3-hydroxypentane Hydrochloride. 

The resultant compound of Example 10C (25 mg, 0.063 mmol) was treated with 1 ml of 4 M HCI in 
dloxane, stirred for 0.5 h at ambient temperature, and concentrated in vacuo to give the desired compound. 

Example 57 



20 Acotyl-VaJ-VaJ Amide of 2-Amlno-4-azide-1 ,5-diphenyl«3-hydroxypentane. 

A solution of 18 mg (0.060 mmol) of Ac-VaM/al-OH, 0.063 mmol of the resultant compound of Example 
56, and 10 mg (0.076 mmol) of 1-hydroxybenzotriazole in 0.5 ml of dimethylformamide was treated 
2S sequentially with 0.015 ml (0.14 mmol) of 4-methyimorpholine and 15 mg (0.076 mmol) of N-ethyWN* 
(d!methylaminoethyl)carbodflmkje. After being stirred at ambient temperature overnight, the solution was 
diluted with ethyl acetate, washed sequentially with aqueous NaHCOs and water, dried over MgSO«, and 
concentrated in vacuo to give the desired compound. 

30 

Example 58 



» (2N)-AcetykVa)-Val Amide of 2.4Qiamino-1,5HJiphenyl»34iydroxypentane. 

Using the procedure of Example 11 with 0.063 mmol of the resultant compound of Example 57 gave, 
after silica gel chromatography using 7.5% methanol in chloroform, 153 mg (48%) of the desired 
49 compound. 

Example 59 



2.4^leKN^acetyMmflnyl-vaIinyl)amlnoh1 .S^iphenyKHiydroxypentane. 

so A solution of 85 mg (0.033 mmol) of Ac-VaWaK)H. 153 mg (0.030 mmol) of the resuttvtt compound 
of Example 58, and 8 mg (0.059 mmol) of 1-hydroxyben2otrfazole in 1 ml of dimethylformamide was treated 
sequentially with 0.0045 ml (0.04 mmol) of 4-methylmorphoOne and 6.5 mg (0.034 mmol) of N-ethyl-N'- 
(dimethylaminoethyl) carbodllmlde. After being stirred at ambient temperature overnight the solution was 
cfiluted with ethyl acetate, washed sequentially with 10% aqueous citric acid, aqueous NaHCO* and water, 

56 and concentrated In vacuo to a solid which was triturated with 1:1 chbroformimethanol, filtered, washed with 
1:1 chloroform^nethanol, and air-dried to give the desired compound as a white solid. m.p. 271-272.5* C. 
Mass spectrum (M + H)* -751. 

Anal. Calcd. for CiiHcaNcOr'HaO: C, 64.04; H, 8.39; N, 10.93. Found: C, 63.89; H, 8.02; N. 10.82. 
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Example 60 

* 2>B!s^hHacetyl-valiny>-v^ 

A solution of the resultant compound of Example 59 (0.056 mmol) In 10 ml of acetone was cooled to 
0*C and treated with 5 drops of aqueous chromic add. After 1.25 h, the solution was quenched with 2- 
io propanol and aqueous NaHCOj. filtered through Celite. extracted with 10% methanol in chloroform, and 
concentrated in vacuo. Rash chromatography using 7.5% methanol in chloroform gave 3.7 mg (9%) of the 
desired compound (R f 0.39, 10% methanol In chloroform). Mass spectrum (M + H)* ■ 749. 

19 Example 61 



A- 4-Azido-2^t>butytoxycarbonyiamino>-1 ,S-dlphenyl-3-pentanone. 

20 ~ " 

Using the procedure of Example 60 with the resultant compound of Example 5C gave the desired 
compound. 

B. 4>Azido>2Kt>butyloxycart>onyiamlnohl t 5-dlphenyh3-methyienepentane. 

Using the procedure of Example 16A with the resultant compound of Example 61 A gave the desired 
so compound. 

C. 2-Amlno^4-azido-1,5-diphenyk3«methyienepentane Hydrochloride. 

36 



Using the procedure of Example 56 with the resultant compound of Example 61 B gave the desired 
compound. 



40 O. Cbz»Va> Amide of 2-Amino-4-addo-1 ,5^iphenyl-3-methylenepentane. 

Using the procedure of Example 55 with the resultant compound of Example 61 C gave the desired 
compound. 

E Cbz-Val Amide of 3- Amlno2-{1 -azidch2^heny lathy l)-4-phenyM -butane-1 ^-epoxide. 

80 Using the procedure of Example 16B wtth the resultant compound of Example 610 gave the desired 
compound. 



Example 62 



S-((N-AcetyKallnyMmnnyl)amto 
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A solution of 10 mg (0.04 mmoi) of Ac-VaJ-VaJ-OH, 0.039 mmoLof the resultant compound of Example 
19, and 8 mg (0.044 mmol) of 1-hydroxybenzotria20le in 1 ml of dichloromethane and 0.4 ml of 

5 dimethylformamide was treated with 0.009 ml (0.08 mmol) of 4-methylmorpholine. cooled to 0*C, and 
treated with 9 mg (0.047 mmol) of N^thyl-N'-<dimethylaminoethyl)cart)Odiimide. After being stirred at 
ambient temperature overnight the solution was diluted with ethyl acetate, washed sequentially with 
aqueous NaHCOj and water, dried over NajSOi. and concentrated in vacuo. Separation of the desired 
compounds by flash chromatography using 6% methanol in chloroform gave 3.0 mg (13%) of the less polar 

to diastereomer (R ( 0.33, 10% methanol in chloroform), m.p. 154-1 56* C, and 4.1 mg (17%) of the more polar 
diastereomer (R ( 028), m.p. 121-124* C. Mass spectrum (for each diastereomer): (M+H)* • 631. 



Example 63 



Cbz-val Amide of 2>Amino-4-azido-1 t 5-dipheny^3-hydroxy«3-<hydroxymethyl)per)tane. 

20 

Using the procedure of Example 17B with the resultant compound of Example 610 gave the desired 
compound. 



23 Example 64 



A- 22-DimethyM^dK1-hydroxy>2-phenyiethyl>-1 ,3«dioxolane. 

30 ' 

According to the procedure of Achmatcwicx and Wicha {Tetrahedron Lett. 1987, 28. 2999) the 
resultant compound of Example 23 was treated with sodium borohydride in ethanol to give the desired 
compound as a mixture of stereoisomers* 

38 

B. £2-DimethyM,S<fr{1 HCb2-vaiinyl)oxy>2"pheny lethyl>-1 ,3-dloxolane. 



40 Using the procedure of Example 55 with the resultant compound of Example 646 and replacing 1- 
hydroxybenzotrtaoie with 4-c§rnethyiaminopyridine gave the desired compound. 



C. 2£^C*a^nyf)oxy-3 t 4^lhydroxy-1 ,8-dlphenylhexane. 

48 — — — — — 

The resultant compound of Example 64C was treated with 1 ml of 80% aqueous acetic add. heated at 
reflux for 5 min, allowed to coot, and concentrated In vacuo to give the desired compound. 

60 

Example 65 



« 2Kt-Butytoxyautx>nylamlno)^ 



Using the procedure of Example 55 but replacing Cbz-VaK>H with Cbz-Leu-Asn-OH gave, after silica 
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gel chromatography using methanol/ chloroform, the desired compound (R* 0.4; 2.5% methanol/ 2% 
Isopropylamine/chloroform) In 98% yield. m.p. 192-193.5* C. Mass spectrum (M + H)* ■ 732. 
Anal. Caicd for CioHsaNi 0«: C. 65.64; H, 7.30; N, 9.57. Found: C. 65.31; H, 7.43; N, 9.52. 



Example 66 



2-{t-Butyloxycart>onyiamlnoWCbz>asp 

Using the procedure of Example 55 but replacing Cbz-Val-OH with Cbz-Asn-OH gave, after silica gel 
chromatography using methanol/ chloroform, the desired compound (R# 0.4; 2.5% methanol/ 2% 
ieopropylamine/chloroform) in 7-4% yield, m.p. 216-217*0. Mass spectrum (M ♦ H)* ■ 619. 



Example 67 



2-Amino-4-{Cb2-asparaolnyl-amino)»1 t 5-dlpheny^3-hydroxyperrtane. 



Using the procedure of Example 11 with the resultant compound of Example 66 gave, after silica gel 
chromatography using methanol/ Isopropyiamine/ chloroform, the desired compound (R, 0.3; 2.5% 
methanol/ 2% isopropyiamine/ chloroform) In 95% yield. Mass spectrum (M + H)* ■ 519. 



Example 68 



2>BlsKCto»asparaglrryfcamlnoH ,5^phenyKHiydroxypentane. 



Using the procedure of Example 55 but replacing Cbz-Val-OH wtth Cbz-Asn-OH and replacing the 
resultant compound of Example 11 with the resultant compound of Example 67 gave, after silica gel 
chromatography using methanol/ chloroform, the desired compound (R? 0.4; 2J5% methanol/ 2% 
Isopropyiamine/ chloroform) In 75% yield, m.p. 234-236* C (dec). Mass spectrum (M + H)* ■ 767. 
Anal. Caicd for C4iH*«N»O» # 0.75HaO: 63.10; H, 6.14; N, 10.77. Found: C, 63.03; H. 6.03; N. 10.50. 



Example 69 



2-Amtno-4-<Cb2-vaKnyl-aminoH .S-dlphenyl-3-hydroxypentane. 



Using the procedure of Example 56 with the resultant compound of Example 55 gave, after siilca gel 
chromatography using methanol/ isopropyiamine/ chloroform, the desired compound (R* 0.3; 2.5% 
methanol/ 2% isopropyiamine/ chloroform) In 100% yield, m.p. 158*160* C. Mass spectrum (M ♦ H)* « 504. 



Example 70 
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2>BlsHCto^allny^amino)-1,5-dlph6nyf-34iydfoxypentane, 



Using the procedure of Exampl 55 but replacing the resultant compound of Example 11 with the 
resultant compound of Example 69 gave, after silica gel chromatography using methanol' chloroform, th 
desired compound (R* 0.4; ZS% methanol/ 2% Isopropylamine/ chloroform) in 98% yield, m.p. 198-200* C. 
Mass spectrum (M + H)* * 737. 

Anal. Calcd. for 043^2^07*0.5^0: C, 69.24; H, 7.16; N, 7.51. Found: C. 69.40; H. 7.29; N. 7.47. 



Example 71 



A. N-Boc-vaBnyl-valirie benzyl ester. 



Boc-VaWDH (2.86 g, 13.2 mmol) was coupled to valine benzyl ester p-toluenesulfonate (5.0 g. 13.2 
mmol) using the procedure of Example 55 to give 5.41 g. (100%) of the desired product (R, 0.15; 20% ethyl 
acetate in hexane) as a colorless gum. Mass spectrum (M + H)* ■ 407. 



B. NK5-<^rt)ometrK^pem^ benzyl ester. 



The resultant compound of Example 71 A (0.50 g. 1.23 mmoO was deprotected according to the 
procedure of Example 56 and coupled to adlpte add monomethyl ester (0.21 g. 1.28 mmol) using the mixed 
anhydride procedure of Example 54A to give, after flash chromatography using 40% ethyl acetate in 
chloroform, 0.53 g (96%) of the desired compound. 



C. N-<5-CarfaometrK3xypem^ 



A mixture of the resultant compound of Example 71B (0.53 g. 1.18 mmol) and 100 mg of 10% 
palladium on carbon in 30 ml of methanol was stirred under one atmosphere of hydrogen. After 5 h, th 
mixture was filtered through Cefite and concenualed to give 0.40 g (83%) of the desired compound as a 
solid. 



D. 2-Azk»>4K(5<arbomethoxypenta^ 



The resultant compound of Example 71C (91 mg, 0.25 mmol) was coupled to the resultant compound of 
Example 56 (0.25 mmoO using the carbodlimide coupling procedure of Example 55 to give, after flash 
chromatography using 60% ethyl acetate in chloroform, 104 mg (64%) of the desired compound (R, 0.32. 
75% ethyl acetate in chloroform). Mass spectrum (M + H)* ■ 637. 



Example 72 



2-AmincHH(5<artx>methoxyp« 



Using the procedure of Example 11 with the resultant compound of Example 71 D gave, after flash 
chromatography using 5% methanol In chloroform, the desired compound (R« 028. 10% methanol in 
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chloroform) in 63% yl Id. Mass spectrum (M + H)* » 611. 

Anal. Calcd. for CnHsoNiO* '4^0: C, 59.80; H, 8.56; N, 820. Found: C, 60.08; H, 7.36; N ( 821. 



5 Example 73 



A. N-<6-(Ben2yloxycarbonylamino)hsxanoyl)-vaIinyl-valine methyl ester. 

10 

N-(6^Ben2yloxycarbonylamino)hexanoic acid was coupled to Val-VaJ methyl ester using the mixed 
anhydride procedure of Example 54A to give the desired compound. 

ts 

B. N-<6>(Benzyloxycarfaonylamino)hexanoyl)-vallnyl«vallne. 



The resultant compound of Example 73A was hydrolyzed according to the procedure of Example 6E to 
20 give the desired compound. Mass spectrum (M + H) ■ 464. 



C. 2K^6-Benzytoxycarbonylamirtt 

valinyl-aminoH >diphenyl-3-hydrQxypentaneT 

The resultant compound of Example 73B {37 mg, 0.079 mmol) was coupled to the resultant compound 
of Example 72 (48 mg, 0.079 mmol) using the carbodiimide coupling procedure of Example 55 to give, aft r 
flash chromatography using 4% methanol In chloroform, 31 mg (37%) of the desired compound (Rf 0.19. 
so 5% methanol in chloroform). Mass spectrum (M + H) # - 1058. 

Anal. Calcd. for CuHuNyOu '3.5^0: C. 8223; H, 828; N. 8.78. Found: 62.12; H, 7.33; N. 8.75. 



Example 74 

36 



2KI^6»(Benzytaxycaibonytam^ 

aminoH ,5^phenyKHiydroxyperrtaneT 

40 

A solution of 31 mg (0.029 mmoQ of the resultant compound of Example 73C in 5 ml of dioxane was 
treated wtth 1 ml of 0.5 M aqueous lithium hydroxide. After being stirred for 24 h at ambient temperature, 
the solution was c o o centr aled In vacuo, diluted with ethyl acetate and 1 M hydrochloric acid, stirred for 2 h, 
48 and separated. The organic phase was washed with water, allowed to evaporate slowly to a small volume. 
The mixture was then filtered to give the desired compound as a solid. 



Example 75 

60 



Cbr»VaJ Amide of 3-Amlry>2-hydroxy-5-methyH-phen xyhexane. 

69 

Cbz-vailne was coupled to 3-amlno-2-hydroxy-5-methyi-1-phenoxyhexane (J. Med. Chem. 1987, 30, 
1609) using the carbodiimide coupling procedure of Example 55 to give the desired compound. 
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Example 78 . 



5 Cbz-Val Amide of 3-Amino-2^ydroxy*S-methyl>Hphenylthio)hexane. 



Cbz-valine was coupled to 3-amino-2-hydroxy-5-methyl-1-(phenylthio)he)cane {J. Med. Chem. 1987, 30, 
1609) using the carbodiimlde coupling procedure of Example 55 to give the desired compound. 

10 



Example 77 



T5 



Cbz-Val Amide of 3-Amino-2-hydroxy*5^nethyH-(phenylsutfonyl)hexane. 



Cbz-valine was coupled to 3-amino-2-hydroxy-5-methy1.l -(pheny Isulfony l)hexane (J. Med. Chem. 1987 
so 30, 1609) using the carbodiimide coupling procedure of Example 55 to give the desired compound. 



Example 78 

A. 3KBenzykacytarbonytamlrw^ Acid. 



» A solution of 2^KJlmethyi^<arbomethoxypropionlc acid (LeMauI. Bull. Soc. Chim. Fr.. 828 (1965) 20 
g. 0.125 mol). diphenylptosphoirylazide (34.3 g, 0.125 mol) and triethylamine was heated in toluene (150 
ml) at 100 C for 2 h. After cooling to 5*C. the toluene solution was washed successively with QJS M HCI 
aqueous NaHCO* and brine. Evaporation of the dried solution gave a residue which was chromatogTaphed 
on sifica gel eluting with 60/40 hexaneether. There was obtained 13 g of methyl 3Hsocyanato-3-methyl* 

as butanoate as a mobile Oqutd. A solution of this material in toluene (20 ml) was treated with benzyl alcohol 
(13 ml) and the resulting mixture heated at reflux for 40 h. Evaporation of the toluene left a residue which 
waa dissolved in methanol (125 ml) and then treated with a solution of NaOH (8.8 g. 0.165 mol) in 22 ml of 
water. After 5 h, the reaction mixture waa partially evaporated, washed with ether and acidified with 6N HQ. 
Extraction with methylene chloride and evaporation gave 21 g of the desired product NMR (300 MHz. 

40 COCla):1.42(sJH).2.7B{s^H).5i)8(^2H). 



* B. CbH(4,4-di-Me)-4-AlaKeu>OCKh. 

40 

A 4.0 g sample of 3-benzy1Cflrycarbonylamirx> acid was coupled to leucine methyl 

eater hydrochloride using the mixed anhydride procedure described In Example 6F. Purification of th 
crude product by silica gel chromatography gave the desired compound. 

so 

C. Cbz-«J.*dM*e)-frAtoH*u^K 



To a 0 # C solution of Cbz-<(^ f 4-dKMe)-tf-AlaKeu-OMe (3.63 mmol) In dloxane (15 ml) was added a 
so solution of lithium hydroxide (0.174 g, 4.15 mmol) In water (7.5 ml). After stirring for 1 h at 0-5' C. the 
reaction mixture was diluted with cold water and extracted 2X with ether. The aqueous portion was acidified 
with 6N HCI and extracted with ether. The organic extract was washed with brine and evaporated to give the 
desired compound. 
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D. 2^t-Butytoxycartxxiylamiro^ 



According to the carbodllmide coupling procedure of Example 55, the resultant compound of Example 
6 * 78C was coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 

70 

A. (3.4«d8'Dihydroxypyrrolidfnyicart>onyl>-leucine Methyl Ester, 



75 A suspension of Weudne methyl ester hydrochloride (10 g) In toluene (f200 ml) was heated to 100* C 
while phosgene gas was bubbled into the reaction mixture. After approximately 2 h the mixture becam 
homogeneous. The bubbling off phosgene was continued for 15 more minutes keeping the temperature at 
100* C. The toluene was then evaporated and the residue chased with beruene several times. The 
Isocyanate from L-Leu-OCHj was then dissolved In 100 ml of methylene chloride and 1.1 equivalent of 3- 

ao pyrroline (75% pure) was added dropwise at 0* C. After 15 min, the reaction mixture was washed with 0.5 N 
HQ and methylene chloride. The organic layer was washed with aqueous NaHCOi and dried over MgSOi. 
Evaporation of the solvent gave 3^yrroflnylcarbonyl-Leu-methyl ester which was cis-hydroxylated under the 
following conditions: 2^ g of the 3-pyTTollnykurbonykl^u-methyl ester was dissolved In 50 ml of THF and 1 
ml of a 2.5% solution of OsOi tn t-butanoJ was added, followed by 1.15 g of N-methylmorphoUne-N-oxide. 

x After 1 h, the solvent was evaporated and the residue dissolved in 150 ml of ethyl acetate, washed with 
dilute NaaSOj solution and satd. NaHCOi solution, and then dried over MgSO*. Evaporation of the sofv nt 
gave a crude compound which was purified by SIO2 column chromatography to give the desired 
compound. 

30 

B, (3.4<isOthydroxypyrrolldlnylcarbonyf>-leucine. 



• The resultant compound of Example 79A was hydrolyxed according to the procedure of Exampl 78C 
35 to provide the desired compound. 



C. 2Kt-Butytoxycarbc^lamirK^ ,5<fiphenyl-3-hydrox- 

ypentane. 

40 

Accordfog to the carbodBmide coupDng procedure of Example 55, the resultant compound of Example 
79B was coupled to the resultant compound of Example 11 to give the desired compound. 

Example 60 



5< g^6-Amirx>hexarK>y^^ 

hydroxypentane. 



Using the procedure of Example 71 C with the resultant compound of Example 74 gave the desired 
66 compound. 



Example 81 
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1>D<^S^heny>thiot-2-<(methoxy)methoxy)propane. 

5 

Using the procedure of Example 51 but replacing 1,5-diphenyk^pentanol with the resultant compound 
of Example 15 gave, after silica gel chromatography using 15% ethyl acetate in hexane. 44 mg (31%) of 
the desired compound (R< 027, 20% ethyl acetate in hexane). 'H NMR (CDCIa) t 3.21 (dd. J - 15. 6 Hz, 2 
70 H), 3.26 (dd f J « 15, 6 Hz, 2 H) f 3.40 (s. 3 H), 331 (pentet J » 6 Hz, 1 H), 4.68 (s. 2 H), 7.15-7.35 (m, 10 
H). Mass spectrum (M + Nmf - 338. 



15 



20 



Example 82 



1 .3-Diphenoxy-2-((methoxy)methoxy)propane 



Using the procedure of Example 51 but replacing 1 5-dlpheny K3-pentanol with the resultant compound 
of Example 4 gave, after si Oca gel chromatography using 10% ethyl acetate In hexane. 80 mg (40%) of the 
desired compound (R| 0.42, 20% ethyl acetate in hexane). 'H NMR (CDCti) I 3.44 (s. 3 H). 4.18 (dd. J - 
10. 6 Hz. 2 H), 4.22 (dd. J ■ 15, 6 Hz, 2 H). 4.33 (pentet J - 6 Hz. 1 H). 4.85 (s, 2 H). 8.9-7.0 (m. 8 H), 
25 7.25-7.35 (m, 4 H). Mass spectrum (M ♦ NH*)* - 306. 

Example 83 



A, ((4-Thiomorphonny1)carbonylHeudne Methyl Ester. 

35 A suspension of Weudne methyl ester hydrochloride (6 g) In toluene (125 ml) was heated to 100* C 
and phosgene gas was bubbled Into the reaction mixture. After approximately 1.5 h. the mixture became 
homogeneous. The bubbling of phosgene was continued for 10 more miru The solvent was then evaporated 
and the residue chased with benzene several times. The residue was then dissolved In 100 ml of methylene 
chloride, cooled to 0*C, and treated dropwise with 1.1 equivalent of thiomorphofine. After 10 min the 

40 solution was washed with IN HQ and the organic layer was dried with MgSO*. Evaporation of solvent gav 
the desired compound. 

B. (4-ThiomorphoBnytearbonylHeudne. 

46 

The resultant compound of Example 83A ws hydrotyzed according to the procedure of Example 6E to 
provide the desired compound. 

60 

C. 2-(t-Buty1oxycartx)nylamiw)^(4-^ ,5-dlphenyk3»hydroxypentane. 

According to the carbodflmWe coupling procedure of Example 55, the resultant compound of Example 
56 83B was coupled to the resultant compound of Example 1 1 to give the desired compound. 

Example 84 
82 
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A. ((4-Sulphonylmorphollnyl)carbonylHeudne Methyl Ester. 

To 2 g of the resultant compound of Example 83A In 100 ml of methylene chloride was added 2.94 g of 
a meta-chloroperberuoic add at 0* C. After 30 min the solvent was evaporated and the ether solution was 
washed with 10% sodium sulfite solution and then with satd.sodium bicarbonate several times. The organic 
to layer was dried with MgSOi and evaporation of the solvent gave the crude product which was purified by 
silica gel column chromatography to give the desired compound. 



B. (4-SulphonylmorphonnytearbonylHeudne. 
ts — "~ — ^— — — 

The resultant compound of Example 84A was hydroly2ed according to the procedure of Example 6E to 
provide the desired compound. 

20 

C. 2^t-ButytoxycartX3nylamlro)^ .S-dlphenyl-3-hydroxypefy 

tane. 

2% According to the carbodiimide coupling procedure of Example 55. the resultant compound of Exampl 
84B was coupled to the resultant compound of Example 11 to give the desired compound. 



Example 85 

so 



A r^Methy^2KN,l^lmethyiamifK))ethyl)carbamo Methyl Ester. 



A solution of 2.1 mmo4 of e-ieocyanoto-teudne methyl ester (prepared according to the procedure of 
Example 79A) in 50 ml of dichloromethane was cooled to 0 # C and treated with 0.3 ml {2J3 mmol) of 
N.N.N -trimethylethylenedamine. After being allowed to stir for 16 h, the solution was concentrated and the 
desired compound was Isolated by flash column chromatography. 



B. ^MethyR*K2KN,ff<11methyiamto^ Uthium Salt 



4S A solution of the resultant compound of Example 85A in dloxane was cooled to 0* C. treated with 1.05 
equiv. of aqueous DtWum hydroxide (0.5 M) and stirred for 1.5 h. The resulting solution was concentrated in 
vacuo to give the desired compound as a white solid. ~~ 



M C. 2^t-ButyloxycarbonyiamlrKW ,5- 

diphenyl-3-hydroxypentane. 

According to the cartodilmide coupling procedure of Example 55, the resultant compound of Example 
M 858 was coupled to the resultant compound of Example 11 to give the desired compound. 



Example 88 
93 
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A. 1-8er>2yloxycartx>nylamino2.3-propanadiol. 

5 

1-Amino-2>propanediol (15,2 g. 167 mmol) and NaOH (8.1 g. 204 mmol) in water (70 m!) at -10* C 
was treated dropwise with benzyl chloroformate (28.5 ml. 200 mmol) in ether (30 ml) over 20 min. The 
reaction was stirred at 0" C for 30 min then at room temperature for 2 h. The mixture was acidified with 2 M 
io HCI and extracted with ethyl acetate which was washed with 0.5 M H3PO4 and brine, then dried ver 
NaaSOi and evaporated. RecrystaJlization of the residue from benzene afforded 18.59 g (44%) of the 
desired product as a white powder. NMR (300 MHz, CDjOD. ppm): 3.12 (dd,1H), 3.28 (dd.lH). 3.50 <m,2H). 
3.68 (m.1H), 5.08 (3.2H). 7.35 (m.5H). 

75 

B. 1 -Methylarnlno-2,3-propanediol 



Uthium aluminum hydride (7-20 g, 189 mmol) in tetrahydrofuran (THF, 300 ml) was heated to reflux and 
so the resultant compound from Example 86A (17.0 g. 75.5 mmol) in THF (150 ml) was added dropwise over 
10 min. The mixture was refluxed for 2 h. cooled, quenched sequentially with water (10 ml). 3 M NaOH (40 
ml) and water (20 ml), then filtered and concentrated. The residue was dissolved in wateTwhich was 
washed with ether and evaporated. Bulb to bulb distillation of the residue afforded 2.0 g (25%) of the 
desired compound as an oil. NMR (300 MHz. CDCU. ppm): 2.45 (s.3H). 2.68 (dd.1H). 2.77 <dd,1H), 3.81 
28 (dd1 H), 3.72 (dd.1 H), 3.78 (m,1 H). 



C. (r^Methyt-2,3^ihydroxypropylam^ Methyl Ester. 

00 

Using the procedure of Example 83A but replacing thlomorphoflne with the resultant compound of 
Example 86B gave the desired compound. 



D. (N^ethyk2>dihytdroxyprop 



The resultant compound of Example 86C was hydrolyzed according to the procedure of Example 6E to 
grve the desired compound 

40 

E. 2Kt-Butytaxycjrbonytamino)^((NH^ ,5-<jiphenyl-3- 

hydroxy pentane. 

45 

Aecortfng to the carbotflmWe coupfing procedure of Example 55. the resultant compound of Example 
880 was coupled to the resultant compound of Example 11 to give the desired compound 



50 Example 87 



A. (rHBergytoxycarfaonyl)pipiridln^yl Methyl Ester. 
35 — — 

Cbz-*sonipecot!c add was coupled to leucine methyl ester using the mixed anhydride procedure of 
Example 6F to give the desired compound* 
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B. (N^BanzytoxycartxMyt)pi^ 



The resultant compound of Example 87A was hydrolyzed according to the procedure of Exampl 6E to 
5 give the desired compound. 



C. 2^t-Butyloxyc^onylamino)^ffl 

hydroxy pemane. 

70 

According to the carbodilmlde coupHng procedure of Example 55, the resultant compound of Exampl 
878 was coupled to the resultant compound of Example 11 to give the desired compound. 

75 

Example 88 



» A. N-(Allytoxycarbonyl)*teucffle Methyl Ester. 



A solution of leucine methyl ester (5 mmol) and triethylamine (10 mmol) in dichloromethane (50 ml) was 
cooled to 0 C and treated dropwise with allyi chtoroformste. After addition, the solution was stirred at 
28 ambient temperature for 2 h, diluted with dichloromethane. washed successively with 1 N HQ and aqueous 
NaHCOj, dried over NajSCfc, and concentrated to give the desired compound. 



B. ^H3^^droxyp^opyloxycarbonylHeucine Methyl Ester. 
» 

To a stirred 0* C solution of the resultant compound of Example 88A (2.13 mmol) in dry tetrahydrofuran 
(THF, 50 ml) was added Mx>rab*cydo(3^1)nonane (0-BBN, 25.5 ml of a 0.5 M solution In THF). Th 
mixture was warmed to room temperature for 12 h and then cooled to CfC. WateT(15 ml) and 3 M NaOH 
38 (4.5 ml) were added followed 2 min later by 30% H*Oj (5 ml). The mixture was partitioned betw^n brine 
(20 ml) and ethyl acetate (100 ml). The organic phase was washed (brine), dried (NaaSO*), filtered, and 
evaporated Silica gel chromatography provided the desired compound. 



C. ^H3^d^oxypropyloxycarbonylVte^c^ne. 



The resultant compound o* Example 88B waa hydrolyzed according to the procedure of Example 6E to 
give the desired compound. 

48 

P. 2Ht-Butytoxycartx>nylamlno ,5-dpheny»-3-hydroxypen- 

tane. 

00 

According to the carbodilmlde coupling procedure of Example 55, the resultant compound of Exampl 
88C was coupled to the resultant compound of Example 11 to give the desired compound. 



« Example 89 
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A. 1.5-Di*(4HSOpfopylphenyl>-1 l 4?pent8n*3-one ) 



A solution of 3.30 g (82 mmol) of NaOH In 33 ml of water and 165 ml of 95% ethanol was treated with a 
s mixture of 5.0 ml {33 mm I) of 4-iaopropylbenzaidehyde and 1.21 ml (18.5 mmol) of acetone. The resulting 
solution was stirred at ambient temperature for 16 h, diluted with water, and filtered. The solid was taken up 
in dichloromethane. and the solution was washed with water, dried over MgSOi. and concentrated to a light 
yellow solid. Recrystallization from hexane/ethyl acetate gave 2.15 g (41%) of the desired compound. *H 
NMR (CDCIj) I 127 (d. J ■ 7 Hz, 12 H). 2.94 (heptet J - 7 Hz, 2 H), 7.05 (d, J ■ 16 Hz. 2 H), 7.28 (d. J 
jo « 10 Hz, 4 H), 7.58 (d, J « 10 Hz. 4 H), 7.72 (d, J - 16 Hz. 2 H). 

B. 1,5-DH4^sopropylphenyl>3-hydroxypentane. 



is 



Using the procedure of Example 3 with the resultant compound of Example 88A but replacing methyl 
ceilusotve with methanol gave the desired compound. 



Example 90 



A. 1 .5-OH4-benzytoxyphenyl)-1 ,4-penten-3-one. 

28 ~ 

Using the procedure of Example 69A but replacing 4-isopropylbenza)dehyde with 4-benzytoxybenzylal- 
dehyde gave the desired compound in 70% yield after recrystallization from dichtoromethane/hexane. 1 H 
NMR (CD Cta) I 6.95 (d. J - 16 Hz, 2 H), 7.00 (d, J ■ 8 Hz, 4 H), 7.3-7.5 (m, 10 H). 7.58 (d. J « 8 Hz. 4 
so H), 7.70 (d, J * 16 Hz, 2 H). Mass spectrum: (M ♦ H)* - 447. 

B. 1 5-DH4^ydroxypheny1)-3-hydroxypentane. 

38 

Using the procedure of Example 89B with the resultant compound of Example 90A gave the desired 
compound (Rf 0.25, 40% ethyl acetate in chloroform) in 30% yield after silica gel chromatography using 
40% ethyl acetate in chloroform, 'H NMR (CDCh) 1 1.76 (m, 4 H). 2.55-2.7 (m, 4 H), 3.63 (m, 1 H). 4.59 (s, 
2 H), 6.25 (d, J • 9 Hz, 4 H), 7.05 (d, J ■ 9 Hz, 4 H). Mass spectrum: (M ♦ NH*) # « 290. 

40 

Example 91 



A. DK1 -naphthylH ,4-penten-3-one. 

Using the procedure of Example 89A but replacing 4-JsopropylbenzaJdehyde with 1-naphthaJdehyde 
60 gave the desired compound In 39% yield after recrystallization from ethyl acetata/hexm. 'H NMR (CDCI 3 ) 
I 7.24 (d, J « 16 Hz, 2 H). 7*7.7 (m. 6 H), 7J-8.0 (m, 6 H), 8-29 (d, J ■ 8 Hz, 2 H), 8J6 (d, J ■ 16 Hz, 2 
H). 



« B. 1.5-DK1-naphthyl>-3-hydroxypentane. 

Using the procedure of Example 89B with the resultant compound of Example 91 A but replacing 
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palladium on carbon with Raney nickel gave the desired compound after silica g I chromatography. 



Example 92 



A. DH4»methoxyphenylH ,4-penten-3-ons. 



Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde with p-anisaJdehyde gav 
the desired compound in 61% yield after recrystaJQzation from ethyl acetate/hexane. 'H NMR (CDCb) $ 3.87 
(s. 6 H) ( 6.92 (d f J » 9 Hz, 4 H). 6.96 (d. J ■ 16 Hz, 2 H) ( 7.58 (d, J » 9 Hz, 4 H), 7.71 (d. J « 16 Hz. 2 
H). 

B. 13>DK4-methoxyphenyl)»3>hydroxypentane. 

Using the procedure of Example 89B wtth the resultant compound of Example 92A gave the desired 
compound after silica gel chromatography. 



Example 93 



A. DK4>bromopheny1)-1 ,4-penteo-3-one. 



Using the procedure of Example 89A but replacing 4-isopropylbenzaldehyde wtth 4-bromobenzaldehyde 
gave the desired compound In 79% yield after recrystalOzation from ethyl acetate/hexane. 'H NMR (CDCIj) 
I 7.05 (d, J - 16 Hz, 2 H) t 7.48 (dt J » 9 f 2 Hz, 4 H). 7.57 (dt. J - 9, 2 Hz, 4 H), 7.68 (d, J • 16 Hz, 2 



B. 13^4-bromophenylV34tydroxyperttane. 



Using the procedure of Example 89B with the resultant compound of Example 93A but replacing 
palladium on carbon wtth 5% platinum on carbon gave the desired compound after silica gel chromatog- 
raphy. 



Example 94 



A Cbz-eJanine Ester of 3-Hydroxy-1,frdlphenylpontane. 



A solution of 100 mg (0,42 mmoO of Wtydroxy-1 .5-dIphenylpentane, 94 mg (0.42 mmoO of Cbz-alanine. 
and 10 mg (0.08 mmol) of 4-<Smethylamlnopyr1dine In 4 ml of dlchloromethane was treated with 99 mg 
(0^1 mmol) of N-ethyW* ^ Jmethyiaminoethyt) carbodQmide hydrochloride. After being stirred at ambient 
temperature for 7 h, the solution was diluted with ethyl acetate, washed sequentially with 10% aqueous 
citric acid, water, aqueous NaHCOj and saturated brine, dried over MgSO*. and concentrated to give the 
desired compound. 
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B, Alanine Est r of 3-Hydroxy-1 ,S-diphenylpentane 

Using the procedure of Example 1 1 with the resultant compound of Example 94A gave the desired 
s compound in 73% yield after silica g I chromatography using 5% methanol in chloroform. *H NMR (CDClj) 
S 1.35 (d. J ■ 7 Hz. 3 H), 13-2.0 (m, 4 H), 2.8-2.7 (m. 2 H), 3.48 (q, J - 7 Hz. 1 H). 5.02 ttt. J * 7, 5 Hz, 1 
H). 7.1 -7 3 (m, 10 H). 

Anal. CaJcd. for C 3 oH 2 «ClNOa*O.SH 2 0: C. 87.31; H. 7.83; N. 332. Found: C. 67.19; H. 7.25; N, 3.85. 



10 



Example 95 



is A. Boc-grycine Ester of 3-Hydroxy-1 ,5-dlphenytpentane. 

Using the procedure of Example 94A but replacing Cbz-alanine with Booglycine gave the desired 
compound. 

20 

B. Qrydne Ester of 3-Hydroxy-1 ,5-dlphenylperttane Acetate. 

28 Using the procedure of Example 12 with the resultant compound of Example 95A gave a white solid 
which was taken up in dlchloromethane, washed with aqueous NaHCOi. dried over Na-SO*. and con- 
centrated. SHica gel chromatography using 1.5% methanol in chloroform followed by treatment with acetic 
acid In chloroform gave, after conce ntrati on, the desired compouned in 79% yield, *H NMR (COCIj) S 1.9- 
20) (m. 4 H), 2.09 (s. 3 H), 2.6-2.7 <m, 4 H), 3.32 (br s. 2 H), 3 .6-3.8 (m, 2 H), 5.06 (tt J ■ 7, 5 Hz. 1 H). 

30 7.1-7.3 (m. 10 H). Mass spectrum: (M ♦ H)* ■ 29a 

Example 96 



A. N Q t N # -T>Cta-<ysine Ester of 3-Hydroxy1 ^cfiphenytpentane. 

« Using the procedure of Example 94A but replacing Cbz-alanine with N° tf-ft-Ou-tysine gave th 
desired compound. 

B. Lysine Ester of 3-Hydroxy-1 ,5-diphenylpentane Dlacetate. 

A mixture of 180 mg (0-28 mmol) of the resultant compound of Example 96B and 50 mg of 10% 
pallacfium on carbon in 5 ml of methanol and 0.3 ml of acetic acid was stirred under wi Hz atmosphere for 
18 h. The solution was Altered through Ceflte and concentrated to give 135 mg (98%) of the desired 
so compound as a white soOd. Mass spectrum: (M ♦ H)* » 388. 

AnaL Calcd. for Ca 7 H4oNaO»*HaO: C, 64.01; H, 836; N, 5.53. Found: C t 63.97; H, 8.13: N, 5.36. 

Example 97 



2-(t-Butyloxycaftoony1amiroH-<(6KCttt-amirK))hexan y l)amlnoH ,5Kilpheny k3-hydroxypentane. 
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l^(6^Benzyloxycarbonylamlno)hexanoic add was coupled to the resultant compound of Example 1 1 
using the mixed anhydride procedure of Example 54A to give the desired compound after silica gel 
s chromatography using 75% ethyl acetate in chloroform. 



Example 98 

to 

2-((3-(Benzylo)cycarbon^ 

hydroxypentane. 



The resultant compound of Example 97 (32 mg) was deprotected according to the .procedure of 
Example 12 and coupled to 3-benrytoxycartxxiyl-2i^imethylpropanoic add (Matsushita, et al. t Heterocy- 
des, 22, 1403 (1984) according to the mixed anhydride coupling procedure of Example 54A to give the 
desired compound in 28% yield after silica gel chromatography using 60% ethyl acetate in chloroform. 
20 Mass spectrum: (M - PhCHjO)* ■ 628. 



Example 99 

2-((3-Carbcpcy-3-meftyfproparx>^ 



so Using the procedure of Example 71 C with the resultant compound of Example 98 gave the desired 
compound in 100% yield Mass spectrum: (M ♦ H)* » 512. 



Example 100 

38 ~™ 



A. (4S)»3K4-Methytpentanoy1)^ 



To a stirred solution o* # 4K2-propyl)*oxa2ondine-2«one in anhydrous tetrahydrofuran (250 ml) under a 
nitrogen atmosphere at -78* C was added In a dropwise fashion a solution of n-butylUthium in hexane (50 
ml, 77.4 mmol) over 5 to 10 mln. After stirring an additional 20 min at -78* C.Vmethyipentanoyl chloride 
(85-2 mmoO was added neat The reaction was warmed to room temperature and stirred 1 to 2 h at the 
48 temperature. The reaction was quenched by adding 100 ml of saturated aqueous ammonium chloride and 
the volatiles were removed by rotary evaporation. The resulting aqueous residue was extracted three times 
with ether and the combined organic phases were washed with brine, dried (NaaSO«), Altered and 
concentrated in vacuo. Recrystaiazatlon from hexanes/ethyl acetate provided the desired compound. 

90 

B. (4RKH(2-R)-2^-Butytaxycar^ 



To a stirred solution of the resultant compound of Example 100 A (8.72 mmol) In anhydrous 
ss tetrahydrofuran (30 ml) under a nitrogen atmosphere at -78* C was added a solution of sodium hexamethyl- 
dWrylamide (9.8 ml. 9.59 mmol) In tetrahydrofuran. After stirring for 30 min at -78* C, t-toutyl bromoacetate 
(221 g, 11.34 mmol) was added In anhydrous tetrahydrofuran and the resulting solution stirred 1 h at 
•78* C. The reaction was quenched by adding 20 ml of saturated aqueous ammonium chloride and 
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partitioned between water and ether. The aqueous layer was drawn off and extracted with ether. The 
combined organic phases were washed with 10% aqueous HCI. saturated aqueous NaHCO?. and brine, 
dried (NaaSOi). tittered, and concentrated In vacuo. RecrystaJllzatlon from acetone/hexanes provided the 
desired compound. " 



C. BenryH2Rh2^t-Butytoxycarbonyl)m^ 

io To a stirred solution of dry benzyl alcohol (0.55 ml, 5.33 mmol) in anhydrous tetrahydrofuran (18 mi) 
under a nitrogen atmosphere at 0*C was added a hexane solution of rt-butyilithium (2.56 ml; 4.00 mmol). 
To this solution was added the resultant compound of Example 100B In anhydrous tetrahydrofuran (10 ml). 
After stirring 1 h at 0*C the reaction was quenched by adding excess saturated aqueous ammonium 
chloride. The volatile* were removed by rotary evaporation and the resulting aqueous residue was extracted 

is two times with ether. The combined organic layers were washed with brine, dried (NasSOi), filtered, and 
concentrated in vacuo to provide an oil which was purified by chromatography on SJOa to give the desired 
compound. ~~ 



D. Benzyl (2R)-2-<CarboxymethylK-methylpentanoate. 



The resultant compound of Example 100C (1.47 mmol) was dissolved In a 1:1 (v*) solution (6 ml) of 
trtftuoroacetic add and dJdikxomethane and stirred at room temperature for 1 h. The voiatiles were 
removed in vacuo to provide the desired compound. The unpurified material was of sufficient purity to 
employ Inlubsequent steps. 



E Benzyl(2R>-2>lsobutyl-3Hiiorpholinocarbonylpropionate. 



The resultant compound of Example 1000 was coupled to morpholine using the mixed anhydride 
procedure as described in Example 8F to give the desired compound. 



F. (2Rh2Msobutyl-3HnorphoBnocart)onyipr^ Add. 



The resultant compound of Example 100E was hydrogenoryzed according to the procediw of Example 
71C to provide the desired compound. 



Q. 2^t-Butytaxycarbonylam ^<fiphenyl>3-hydrox> 

ypentane. 



According to the carbodltmide coupling procedure of Example 55, the resultant compound of Example 
100F was coupled to the resultant compound of Example 11 to give the desired compound. 



Example 101 



A. (((4Morphonny1)carbonyf)ox^ Acid Methyl Ester. 



To 2-hydroxy-4-methy»pentanote add methyl ester was added 150 ml of 12.5% phosgene in toluene 
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and 25 drops of dlmethytformamide. After stirring for 18 h at room temperature, the solvent was evaporated 
and the residue chased several times with benzene. The resulting product was dissolved in methylen 
chloride (50 ml), cooled to 0* C and treated by dropwise addition with 336 g (0.044 mol) of morphofine. Th 
• reaction mixture was stirred for 2 h at 0-5* C and then distributed between 0.5 N HCI and methylene 
s chloride. The organic phase was washed with aqueous NaHCOa and brine and evaporated to a residue. 
Rash chromatography on silica gel gave the desired compound. 



B. (((4Morpholinyl)cartx?nyl)oxyH^nethylpentano<c Acid. 

70 

The resultant compound of Example 101A was hydrolyzed according to the procedure of Example 6E 
to provide the desired compound. 

T0 

C. 2-<t-Butyloxycart^^ 

hydroxypentane. 



20 According to the carbodilmide coupling procedure of Example 55, the resultant compound of Example 
101B was coupled to the resultant compound of Example 11 to give the desired compound. 

Example 102 

29 

A Benzyl (2Rh2^aobu1yl»3K(fM>enzykN^ethy^ 

30 

The resultant compound of Example 1000 was coupled to benzy lamina using the mixed anhydrid 
procedure as described in Example 6F to give the desired compound. 



38 B. (2R)»2-4aobutyfr^(N-benzyl-N^ethylamlno)cato Add. 



The resultant compound of Example 102A was hydrolyzed according to the procedure of Exampl 6E 
to provide the desired compound. 

40 

C. 2^-ButytaxycarbCTiytam^ ,5- 

diphenyKHiydroxypentane. "~ 

48 

According to the carbodflmlde coupling procedure of Example 55, the resultant compound of Example 
102B was coupled to the resultant compound of Example 11 to give the desired compound. 



60 Example 103 



2-Amlno^fH2-lsobutyk3^(N-benzy^^ 



Hydrochloride. 

Using the procedure of Example 12 with the resultant compound of Example 102C gave the desired 

101 
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compound. 



Example 104 

5 



2.4-Bl3-W2^sobutyl-3-((N^nzyfc^ . 

10 

According to the carbodfimide coupling procedure of Example 55, the resultant compound of Example 
102B was coupled to the resultant compound of Example 103 to give the desired compound. 



is Example 105 



A. Benzyl (2R)-2-l30butyt-3^((4-^-ben 

The resultant compound of Example 100O (1.47 mmol). diphenylphosphoryl azide (1.47 mmol) v and 
triethylamlne (1.47 mmol) In dry benzene (8 ml) were refluxed for 5 h to provide a solution of the derived 
isocyanate which was cooled to 0*C and treated with benzyiamine (1.8 mmol). The cooling bath was 
36 removed and the reaction stirred for 1 h. The reaction mixture was poured into 10% aqueous Ha and 
extracted two times with ether. The combined organic layers were washed successively with saturated 
aqueous NaHCOj and brine, dried (NaaSOO, filtered and concentrated In vacuo to provide the unpurified 
product The desired product was obtained in pure form after chromatography on SiOj. 

so 

B. (2RV2-lsobutyt^((N«benzyM^ Acid. 



The resultant compound of Example 105A was hydrolyzed according to the procedures of Example 6E 
38 to give the desired compound. 



C. 2^-ButytoxycarbonytaminoH^^ 

. 1 ,5«dlphenyl-3-hydroxypentane. 

40 — — — _ 

According to the carbodRmWe coupfing procedure of Example 55, the resultant compound of Example 
105B waa coupled to the resultant compound of Example 11 to give the desired compound. 



Example 106 



so A. Benzyl (2R)-24sobutyl^(ethoxycarbonyi)OT^ 



Using the procedure of Example 105A but replacing benzyiamine with ethanol gave the desired 
compound. 

ss 

B. (2RV2-4sobutyt-3^(ethoxycaibonyl)anuno)propionic Acid. 
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The resultant compound of Example 106A was hydrogaootyzed according to the procedure of Exampt 
71 C to give th desired compound. 



C. 2Ht-BLrtyloxycartxyiyiamlno>^N-(2^sobutyf»^ ,5-diphenyl-3- 

hydroxypentane. 



According to the carbodilmkle coupling procedure of Example 55, the resultant compound of Exampl 
106B was coupled to the resultant compound of Example 11 to give the desired compound. 



Example 107 



A. h^enzyloxycafbonykNHTiethyl'2*aminoethanol. 



To N-methylethanolamine (140 mmoO in methylene chloride (100 ml) at 0*C was added benzyl 
chtoroformate (70 mmol). The mixture was stirred at 0* C for 30 min, then at room temperature for 1 h, 
poured into ethyl acetate, washed with 2 M Ha, saturated NaHCOs solution, and brine, then dried over 
NsaSO* and evaporated to provide the desired compound. 'H NMR (COCU.TMS) I 7.36 (m,5H), 5.14 
(a.2H), 3.78 (m,2H), 3.47 (m,2H), 3.01 (S,3H). 



B. 1»Methoxyethoxymethoxy-2^N-methyl^^ 



To the resultant compound from Example 107A (68 mmol) In methylene chloride (100 ml) was added 
dtlsopropylethytamine (138 mmol) and 2-methoxyethoxymethyl chloride (132 mmol). After 4 h the mixture 
was evaporated, dissolved In ethyl acetate, washed with 0.5 M HjPOi. saturated NaHCOi solution, and 
brine, then dried over NaaSO*. and evaporated to afford the desired product as an oil, b.p. 150-170* C (0.3 
mm). 



C. 1 Methyiamlno»2-mettoxyetf^^ 



The resultant compound from Example 107B (31 mmol) and 10% pal ledum on carbon (3 g) in 
methanol (60 ml) were stirred under a hydrogen atmosphere for 24 h. The mixture was filtered, evaporated 
and distilled to afford the desired product as an oil, b.p. 130-140*C (45 mm). 



P. Benzyl (2R)-2-<sobutyV3KN-fT)ethy^2-metho^ 



The resultant compound of Example 100D waa coupled to the resultant compound of Example 107C 
using the mixed anhydride procedure of Example 6F to give the desired compound. 



E (2R)-2-lsobutyK3KN-metrry^ Acid. 

The resultant compound of Example 107D was hydrogenotyzed according to the procedure of Example 
71C to give the desired compound. 
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F. 2^-Butytoxycarbonylamlno^ 

" prppipnyl)aminoh1,5Kliphenyk3*hydroxypentan . 

According to the cartxxiilmide coupling procedure of Example $5. the resultant compound of Example 
106B was coupled to the resultant compound of Example 1 1 to give the desired compound. 

Example 108 



2Kt-Butyloxycarbonytamino)^p-toluer^ 

The resultant compound from Example 11 (0.05 mmol) in 2 ml of pyridine was cooled to 0*C and 
treated with 0.05 mmol of p-tokienesutfonyl chloride. After 2 h, the solution was diluted with ether, washed 
sequentially with 1 N Ha. aqueous NaHCOi, and saturated brine, dried over MgSO*. and concentrated. 
Sinca gel chromatography gave the desired compound. 

Example 109 



2»Amlno^<p-toluene»urfonylanlrio)»1 ,SKflphenyl>3^ydroxypentane Hydrochloride. 

Using the procedure of Example 12 with the resultant compound of Example 108 gave the desired 
compound. 

Example 110 



Z4-BI»<P-toluenesutfony1aminoh1 .5^pherryWrydrexypent»w. 

Using the procedure of Example 108 with the resultant compound of Example 109 gave the desired 
compound- 

Example 111 



2^utytoxycartxyTytam^ 

According to the carfoodnmide coupling procedure of Example 55, N-<p*toluenesulfonyi)vaflne was 
coupled to the resultant compound of Example 11 to give the desired compound* 

Example 112 
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2-Amin<>^N^(p-toii>ene3u ,5^iphenyl-34iydroxypentan Hydrochiorld 



Using the procedure of Example 12 with the resultant compound of Example 111 gave the desired 
s compound. 

Example 113 

TO 

2.4-Bis^rH(p-toluenesutfonyl)valM 

rs According to the carbodllmide coupling procedure of Example 55, N-r>toluenesulfonyl)vaiine was 
coupled to the resultant compound of Example 112 to give the desired compound. 

Example 114 

30 

A. NK2-CyanoethyQleucine Methyl Ester, 

20 

A solution of leucine methyl ester (0.590 mmol) In acrylonftrfle (2 ml) was heated at reflux. Evaporation 
provided a residue which was chromatographed on silica gel to give desired compound. 

oo B. N^Benzyk^carbonytamlrwpropyQleodne Methyl Ester. 

The resultant compound of Example 114A (0.135 mmol) was hydrogenated (4 atmospheres H 3 ) over 
Raney Nickel (85 mg) In anhydrous methanol/amrnonia (20 ml/5 ml) for 3 h. Filtration and evaporation 
ss provided the crude amine which was taken up In dchloromethane and treated with 0.14 mmol of N- 
(beroytorycartxttyloxy^^ After 2 h, the solution was washed with aqueous NaHCOi. dried ov r 

NaaSOi. and concentrated Since gel ch r om a togr a phy gave the desired compound. 

* C. N^frBergytoxycarfaonylamin 

The resultant compound of Example 114B was hydrolyxed according to the procedure of Example 6E 
to give the desired compound. 

£.2 : <Mkitv^^ 

^ ypentane. 

to 

According to the carbodlimide coupling procedure of Example 55, the resultant compound of Example 
114C was coupled to the resultant compound of Example 11 to give the desired compound. 

m Example 115 
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2^t-Butybxycartx>nylamlro^ 



The resultant compound of Example 11 40 was hydrogenolyzed according to the procedure of Example 
71 C to provide the desired compound. 



Example 116 



A. Methyl a-Benzylacrytate. 

a-Benzylacrytic add (1.00 g. 6.17 mmol) in methanol (20 ml) was treated with BFj'EbO (2 mi). The 
mixture was heated to reflux for 14 h, cooled, and poured into saturated NaHCOt solution. Extraction with 
ether followed by drying over Na^SO* and evaporation afforded 1.03 g (95%) of a mobile oil. 'Nfc<R (CDCI 3 ) 
* 7.17-7.35 <m,5H), 6-23 (m,lH), 5.47 (m,1H), 3.74 (S.3H), 3.83 (s,2H). 

B. Methyl 2-8enzyfr3Hr^ethoxyl-N"me^ 

The resultant compound from Example 116A (800 mg, 4.54 mmol), N^nethyLO-methythydroxyiamine 
hydrochloride (0.57 g. 5.4 mmol), and NaHCOs (0.46 g, 5.48 mmol) In dimethylsutf oxide (5 ml) were heated 
at 130" C for 20 h. The mixture was diluted with ethyi acetate, washed with water, saturated NaHCOj 
solution and brine, and then was dried over NaaSO* and evaporated. Chrom a to g raphy of the residue on 
silica gel with 10% ethyl acetate in hexane afforded 228 mg (21%) of a mobile oil 'H NMR (CDCb) a 7.10- 
7.30 (m,5H), 3 JO (S.3H), 3.47 (sJH), 2^0-3.10 (m ( 4H), 2^0 (dd.1H), 255 (s,3H). 

C. 2-Benzy^3KN^ethoxyM4-methylamino)pfopionic Acid. 

Using the procedure of Example 117B with the resultant compound from Example 116B gave th 
desired product 1 H NMR (COCb) * 7.10-7.35 (m.SH), 358 (s,3H). 2.62 (3.3H). 

D. 2-{t-ButyloxycafbonytaminoH-<^ ,5-diphenyl-> 
40 hydroxypentane. 

Accortflng to the carbocffimkJe coupling procedure of Example 55, the resultant compound of Example 
116C was coupled to the resultant compound of Example 11 to give the desired compound. 



46 



SO 



Example 117 



A. Methyl 2-Benzyl-3-py razoH -ylproptonate. 

Using the procedure of Example 116B but replacing N-methyl.O-methyihydroxylamine hydrochloride 
and NaHCO* with pyrazole provided the desired product as an oil. 'H NMR (CDCIi) I 752 (d.1H), 7.10-7.35 
(m.6H) ( 6.10 <dd.1H), 4.38 (dd/IH). 424 (dd,1H) ( 3.57 (s.3H), 3.37 (m,1H), 2.98 (dd.1H), 2^2 (dd.1H). 
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B. 2-Benzyt*3-pyra2oH-ylpropionlc Add. 



The resultant compound from Example 117A (100.0 mg, 0.409 mmol) in dloxane (2 ml) at 0 # C was 
treated with UOH'HjO (22.0 mg, 0.524 mmol) In water (1 ml). After 1 h at 0*C and 30 min at room 
temperature the solvent was evaporated and the residue was taken up In water, the pH was adjusted to pH 
3-4, and the mixture was extracted with CHCIj which was dried over Na 2 SO* and evaporated to afford 96 
mg (100%) of a solid. 'H NMR (CDCb) i 7.58 (d,1H), 7,10-7.35 (m,6H), 8.28 (dd,1H), 4.30 (m,2H), 3.34 
(m,1H), 3.12 (dd,1H), 2.72 (dd,1H). 



C. 2-(t-Bifoloxycarbonyiamino)^N^2^n^l-3-py^ ,5«diphenyl-3-hydroxypentane. 



75 According to the carfoodiimide coupling procedure of Example 55, the resultant compound of Example 
117B was coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 118 



A. Methyl 2*BenzyV3-tert"butytmercaptoproplonate. 



To sodium (3.05 g, 133 mmol) In methanol (135 ml) was added tert*butytmercaptan (17.0 ml, 151 
mmol). After 20 min methyl a-benzylacryfate (17.05 g. 98.8 mmol) in methanol (100 ml) was added and 
after 1 h at room temperature the mixture was heated at reflux for 17 h. After cooling, the mixture was 
acidified with 2 M HQ (70 ml), conce ntrat ed, taken up in ether, washed with water and brine, then dried 
over MgSOi and evaporated to 23.59 g (92%) of an oil. Y H NMR (COCb) I 7.15-7.35 (m.5H), 3.63 (s,3H), 
2.60-3.05 (m,5H), 1-28 (s,9H). 



B. Methyl 2-Benzyl^tert-butylautfonylproptonate. 



To the resultant compound from Example 118A (270 mg, 1.01 mmol) fai methanol (8 ml) and water (5 
ml) at 0* C was added potassium peraxymonosutfate (1345 g, 8 mmol) in portions. After 15 min at 0* C and 
24 h at room temperature the mixture was filtered, diluted with water, and extracted with CHaCb which was 
washed with brine, dried over MgSO*. and evaporated to 300 mg (99%) of an oil. 1 H NMR I 7.15-735 
(m,5H). 3.68 (a,3H), 3.45 (m,2H), 3.12 (dd.1H). 248 (m^H), 1 37 (s^H). 



C. 2>BefgyK3-tert>butylsulfonylproptonic Add. 

46 

The resultant compound from Example 118B (282 mg, 0.95 mmol) in 8 M Hd (2 ml) and acetic acid 
(0.4 ml) was heated at reflux for 16 h. The mixture was cooled and filtered and the resulting solid was 
recrystaJSzed from methycyctohexane/ethyi acetate to afford 152 mg (58%) of the desired product m.p. 
so 147-148* C. 



D. 2Kt-Butytoxycait>onylamlno)-4KNK2»b^ t 5-dlphenyi-3-hydroxyper> 

tane. — 

ss 

According to the carbodflmkje coupling procedure of Example 55, the resultant compound of Example 
118C was coupled to the resultant compound of Example 11 to give the desired compound. 
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Example 119 



5 2Kt-ButytoxycafbonylaminoHKN^ 

According to the carbodiimide coupling procedure of Example 55, dibenrylacetic acid was coupled to 
the resultant compound of Example 1 1 to give the desired compound. 

to 

Example 120 

78 

1 >D<^4HSopropylphenyl>>3KmethoxyrTwthyi)pentane. 

Using the procedure of Example 51 but replacing 1,5-dlphenyt-3-pentanol with the resultant compound 
20 of Example 89B gave the desired compound. 

Example 121 

1 ,5-PH1 HM^hthy1)^-<methQxymethyl)pentane. 

30 Using the procedure of Example 51 but replacing 1£-dlphenyl-3-pentanol with the resultant compound 
of Example 91B gave the desired compound. 

Example 122 

38 



1 >DH4-methoxyphenylV3Kmethoxy^ 

40 

Using the procedure of Example 51 but replacing 1.5-dlphenyf-3-pentanol with the resultant compound 
of Example 82B gave the desired compound. 

49 Example 123 



1 t 5-OH4-brtyT)ophenyfW 

60 

Using the procedure of Example 51 but replacing 1.5-diphenyt-3-pentanol with the resultant compound 
of Example 83B gave the desired compound. 

85 

Example 124 
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1 >Dlphenyk3-(thiomethoxymethyl)peotane. 

1>Dlphenyt-34iydraxypropentane was treated with sodium hydride followed by chlorom thyl methyl 
sulfide and sodium Iodide according to the procedure of Corey and Bock (Tetrahedron Lett 1975. 3269) to 
provide the desired compound. 

Example 125 

1 ,5*Diphenyk3K2-methoxyethoxymethyl)pentane. 

Using the procedure of Example 51 but replacing chtoromethyl methyl ether with 2-methoxyethox- 
ymethyl chloride gave the desired compound. 

Example 126 

A. Methyl 2-F1uoro-3»phenylpropanoate. 

Using the procedure of Example 34B but replacing the resultant compound of Example 34A with methyl 
3-phenyllactate provided the desired compound. 

B. 2>Epoxy-4-fluofO-1.5-d1phenylperttane. 

The resultant compound of Example 126B treated with crflthlo-2-phenyiethyl phenyl sulfoxide according 
to the procedure of Bravo et aL (JL Chem. Soo, Pertdn Trans. I, 1989, 1201) to provide the desired 
compound. 

C. 2-A*ido-1 tS^phenyj^ffuoro^a^iydroxyperTtane. 

Using the procedure of Example 10C with the resultant compound of Example 126B gave the desired 
compound* 

Example 127 

2-Amtno»1 ^dphenyM>fkjorO'3^ydroxypentane. 

Using the procedure of Example 100 with the resultant compound of Example 126C gave the d sired 
compound. 

Example 128 
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2-<N-Cbg-vafinyl)amino»1 .5^phenyM-fluoro-3-hydroxypentan 



Using the procedure of Example 55 but replacing the resultant compound of Example 11 with the 
resultant compound of Example 127 gave the desired compound. 



Example 129 



2-(N-Cbz-vafinyl)amino-1 ,5^iphenyM-fluoro-3-pentanone. 



According to the procedure of Thaisrfvongs et al. (J. Me<L Cftem. 1986. 29. 2080). the resultant 
compound of Example 128 was oxidized with oxah/l chloride/dimethyl sulfoxide to provide the desired 
compound. 



Example 130 



A. Benzyl q-lsopropytacrylata. 



o-lsopropylacryOc acid (13 mmol) In dry ether (40 ml) was treated with dicydohexytearbodiimide (12 
mmol). benzyl alcohol (12 mmol) and 4^methytaminopyridine (2.5 mmol). After stirring at ambient 
temperature for 44 h, the mixture was filtered and evaporated. Silica gel chromatography provided th 
desired compound 



B. Benzyl 3*Acetylmeccapt&»2Hsopropylproplonate. 



The resultant compound of Example 130A (27 mmol) in dry ether (10 ml) was treated with thiolacetic 
acid (42 mmol) and pyridine (28 mmol). After 5 days, the mixture waa concentrated in vacuo and 
chromatographed on siBca gel to provide the desired compound. 



C.2-Oe nz yl ox ycarbonyl-3^ethyi^^ Chloride. 



Chlorine was bubbled Into a mixture of the resultant compound of Example 130B (25 mmol) in water 
(250 ml) for 30 mln at ambient temperature followed by nitrogen which was bubbled through the mixture for 
15 mln. The mixture waa extracted with methylene chloride which waa dried over MgSO* and concentrated 
to provide the desired compound which was used without further purification. 



D. Benzyl 2-lsopropy1-3K4^ethytptperld^ 



A solution of the resultant compound of Example 130C (2.8 mmol) In 10 ml of dichkxomethane was 
cooled to -10* C and treated with 1-methytpiperazine <8£ mmol). After 30 mln. the solution was con- 
centrated in vacuo, taken up in ethyl acetate, washed sequentially with aqueous NaHCO) and saturated 
brine, dried over NaaS04, and conce n tr at ed Since gel chromatography provided the desired compound. 
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E 2-l<opropyl>3K4*methylplperidfv1*ylsu>fonyl)pfopl nlc Add. 



The resultant compound of Example 1300 was hydrogenolyzed according to the procedure of Example 
s 71C to provide the desired compound. 



F. 2^t-Butytoxycaifronylamlr)oHK^ ,5, 

diphenyl-3-hydroxypentane. 

10 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
130E was coupled to the resultant compound of Example 1 1 to give the desired compound. 

T5 

Example 131 



20 A Benzyl a-^eopropy^morphofln^ytsutfonyl^plonate. 



Using the procedure of Example 1300 but replacing 1-methylpiperazine with morphoUne gave th 
desired compound. 



B. 2*lsopropyl-3-(morphoHrM-ylsulfony0propionlc Add. 



so The resultant compound of Example 131A was hydrogenolyzed according to the procedure of Example 
. 71C to provide the desired compound 



C. 2^t-ButytoxycarbonytamirK>)-*^^ .frKjiphenyKS- 
96 hydroxypentane. 



According to the carbodiimide coupling procedure of Example 55, the resultant compound of Exampl 
131B was coupled to the resultant compound of Example 11 to give the desired compound. 

40 

Example 132 



A. Benzyl 2-4eopropyt-3><(ben2ylamlno)sutfonyl)proplonate. 



Using the procedure of Example 130D but replacing 1-methylpiperazJne with benzytamine gav th 
so desired compound. 



B. 2-tsopropyl^((bergylamir)o)sutf^ Add. 

ss 

The resultant compound of Example 132A was hydrofyzed according to the procedure of Example 6E 
to provide the desired compound. 
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C, 2^ButyJoxy«^ 



hydroxypentana. 



s According to the carbodHmide coupling procedure of Example 55, the resultant compound of Example 
132B waa coupled to the resultant compound of Example 1 1 to give the desired compound. 



Example 133 

70 



2-Amlrp^rH(2^sopropyl-H4^eth^ 

^hydrochloride! 

rs 

Using the procedure of Example 12 with the resultant compound of Example 130F provided the desired 
compound. 



Example 134 



» £4»BlaKr*K(2^sopropy1»3^ ,5^prwyi-3*ydroxypentane. 

According to the cartxxffimide coupling procedure of Example 55. the resultant compound of Exampl 
130E was coupled to the resultant compound of Example 133 to give the desired compound. 

SO 

Example 135 



08 

2-Amlr»o*H*Hg^soprc>py^ Dihydroch- 

Idride. : 



40 Using the procedure of Example 12 with the resultant compound of Example 132C provided the desired 
compound. 



Example 136 

48 ~~ 

2,4^aKI^(2^sopropy<-a^bertt^ ^pheny^34>ydroxypentane. 

so 

According to the carbodDmlde coupling procedure of Example 55, the resultant compound of Example 
132B was coupled to the resultant compound of Example 135 to give the desired compound. 

89 Example 137 
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A. rH(4"Ma'thylpipefazifv1«yl)sutfamQyl)va]ln Benzyl Ester. 



A solution of valine benzyl ester p-toluenesulforiate (5 mmol) in dichloromethane (50 ml) was cooled to 
s 0*C and treated sequentially with diisopropyiethylamine (12 mmol) and 4-methylpiperazinesulfamoyl 
chloride. After being stirred for 16 h at ambient temperature, the solution was diluted with ethyl acetate, 
washed sequentially with 1N HQ, water, and aqueous NaHCOi, dried over MgSO*. and concentrated in 
vacuo. Silica gel chromatography provided the desired compound. 

TO 

B, hH(^Methyipiperazin-Vyl)sulfamoyl)vallne. 



The resultant compound of Example 137A was hydrogenolyzed according to the procedure of Example 
is 71 C to provide the desired compound. 



C. 2^-Bityloxycautonylamlrx3)^^^ ,5-dlphenyl-3-hydrox- 

ypentane. 

20 

According to the carbodiimkJe coupling procedure of Example 55, the resultant compound of Example 
137B was coupled to the resultant compound of Example 11 to give the desired compound. 

26 

Example 138 



^Amlno-^N^tC^ethy tpiperazin-1 -y l)sulfamoy QvaJlny t)amlno)-1 5-<fiphenyKHiydroxypentane Pihydrochlorid . 



Using the procedure of Example 12 with the resultant compound of Example 137C provided the desired 
compound. 

36 

Example 139 



40 

2 t 4-«eK^((4-methytplperazin'1 «yf)sulfamoy f)vaJlnyl)amlno>-1 ,5^phony»-3*ydroxypentane. 

Accordng to the cartjodDmide coupling procedure of Example 55, the resultant compound of Example 
45 137B was coupled to the resultant compound of Example 138 to give the desired compound. 



Example 140 

so 

2,4-Sle»fHvannyl)amlno-t .S-dfphenyl-3'hydraxypeotane. 



as The resultant compound of Example 70 was hydrogenolyzed according to the procedure of Example 
71C to provide the desired compound (R< 0.1, 10% methanol in chloroform) as a white solid, m.p. 131- 
132* C. 
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Example 141 



5 2*Amlno-S*(t*butyioxycart)onylafnino)-3 ( 4-dihydroxy-1 ,6-diphenyl-3-h xan . 



A mixture of 0.13 g of the resultant compound of Example 17B and 0.13 g of 10% palladium on carbon 
in 50 ml of ethyl acetate was shaken under 4 atmospheres of Ha for 4 h. The resulting mixture was filtered 
to through Cellte and concentrated in vacuo to provide 72 mg (86%) of the desired compound as a 1:1 
mixture of diastereomers. Mass spectrum: (M + H)* ■ 401. 



Example 142 

18 



A. N-(3-pPhenylpropionyl)valine Benzyl Ester. 

20 

Using the procedure of Example 137A but replacing 4-methylpiperazinesulfamoyl chloride with 
dihydrodnnamoyi chloride gave the desired compound. 



28 B. N-{3-Phenyipropionyi)vallne. 



The resultant compound of Example 142A was hydrogenofyzed according to the procedure of Example 
71 C to provide the desired compound. 

so 

C. 2-(t-Butyloxycarbonylamlno WNK(3^)henylpropionyl)vallnyl)amlnoh1 ,5«diphenyh3-hydroxypentane. 



w According to the cartxxfllmkje coupling procedure of Example 55, the resultant compound of Example 
142B was coupled to the resultant compound of Example 11 to give the desired compound 



Example 143 

40 



NJ4-f><2-phern/lethyl)^methoxymethyl)hy^ 

48 

Using the procedure of Example 51 but replacing 1 ,5-diphenyk3-pentanol with the resultant compound 
of Example 30B gave the desired compound. 

so Example 144 



A. NH(Benzylamino)carbonyl)vallne Methyl Ester. 

Using the procedure of Example 83A but replacing leucine methyl ester hydrochloride with valine 
m thyl ester hydrochloride and replacing thiomorpholine with benzylamine provided the desired compound. 



114 



EP 0 402 646 A1 



B. ^(Benzylamino)carbonyl)valln . 



The resultant compound of Example 144 A was hydrolyzed according t th procedure of Example 6E 
s to provide the desired compound. 



C. 2^t-(Butyloxycarbonylamfno)^(hH^ 

70 

According to the carbodiimide coupling procedure of Example 55. the resultant compound of Example 
144B was coupled to the resultant compound of Example 11 to give the desired compound. 



75 Example 145 



A. N-(3-Phenylpropyl)valine Benzyl Ester. 

20 

A mixture of dlhydrodnnamaWehyde (7 mmol), valine benzyl ester dihydrochloride {7 mmol). anhydrous 
sodium acetate (0.7 g, 21 mmol), and sodium cyanoborohydride (11 mmol) in 200 mL of isopropyl alcohol 
was stirred at ambient temperature. After 16 h, an additional 0.2 g portion of sodium cyanoborohydride was 
28 1 added and stirring was continued for 4.5 h. After removal of the solvent in vacuo, the residue was taken up 
in ethyl acetate, washed sequentially wfth saturated aqueous NaHCOi and saturated brine, dried over 
MgSCU. and concentrated. Silica gel chromatography gave the desired compound. 



so B. N-(3-Phenylprppyl)valine. 



The resultant compound of Example 145A was hydrogenolyzed according to the procedure of Exampl 
71 C to provide the desired compound. 

C. 2^t-Butytaxycar1x>nylamirx)^ ,5-diphenyt-3-hydroxypentane. 



40 According to the cartxxdmWe coupling procedure of Example 55, the resultant compound of Exampl 
145B was coupM to the resultant compound of Example 1 1 to give the desired compound. 



Example 146 

45 



2>Bl3^Cb*-vaflnykamlnoH.5^Ipheny^^ 

so 

A solution of 22 mg of the resultant compound of Example 70 In 1 ml of dichloromethane was treated 
wtth 0.07 ml of ethyldilsopropylamine and 0.03 ml of chloromethyl methyl ether. The resulting solution was 
heated at reflux for 1 h. The cooled solution was concentrated In vacuo to give 26 mg of a crude solid 
which was recrystaltlzed from ethyl acetate/chloroform to provide 15 mg of the desired compound (Rf 0.6. 
55 10% methanol In chloroform) as a white solid. m.p. 197-198* C. Mass spectrum: (M + H)* ■ 781. 
Anal. Calcd for C«iHuN4CV1.5HaO: C. 66.89; H, 7.36; N, 8.93. Found: 66.96; H, 6.76; N. 6.77. 
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Example 147 



2.2-DH2-phenylethylH .3-dioxolan . 



A solution of 135 mg (0.8 mmol) of 1.5KJlpheny»-3-pentanone, 0.2 ml of ethylene glycol, and 10 mg of 
p-toluene sulfonic acid monohydrate was refiuxed with a2eotropic removal of water. After separation of 
water was completed, the solution was diluted with ethyl acetate* washed sequentially with aqueous NaHCO 
and water, dried over NaaSOi, and concentrated to provide the desired compound. 'H NMR (CDCb) £ 2.0 
(m, 4 H), 2.71 (m. 4 H), 4,03 (s, 4 H). 7.1 5-7 2 (m, 10 H). Mass spectrum: (M + H)* = 283. 



Example 146 



2-fAcstylamlrMH^t-butytax^ 



A solution of 20 mg of the resultant compound of Example 11 and 0.05 ml of triethylamine in 1 ml of 
dlchtoromethane was cooled to 0* C and treated with 0.01 ml of acetic anhydride. After 30 min, the solution 
was partitioned between water and dtehloromethane, and the organic phase was dried over NajSOc and 
concentrated to give 23 mg (100%) of the desired compound (Rf 0.5, 10% methanol in chloroform). Mass 
spectrum: (M + H) ■ 413. 



Example 148 



A. 3-<tert>Buty1dimethylsilyloxyh1 .frdlphenyM-hydroxyhexans. 



A solution of 2-phenylethyimagnestum bromide (prepared from 0.4 ml of 2«<bromoethyl)benzene and 90 
mg of magnesium) in tetrahydrofuran was cooled to 0* C and treated with a solution of 0.35 g of the 
resultant compound of Example 6C In tetrahydrofuran. After being atinred at ambient temperature for i h. 
the solution was heated at reflux for 4 h, treated with saturated aqueous ammonium chloride, extracted with 
ether, washed wtth saturated brine, dried over MgSO*. and concentrated. SiDca gel chromatography using 
ethyl acetatavhsxane gave the desired compound. 



B. 3.4-omydroxy»1 ,6-dlphenyihexane. 



A sofution of the resultant compound of Example 149A (30 mg, 0.078 mmol) was deprotected according 
to the procedure of Example 6Q to provide the desired compound as a 3:1 mixture of diastereomers. 
Recrystailization from chloroform/ethyl acetate provided the desired compound as a single isomer. m.p. 
12&5.129'C. 'H NMR (COCb) 1 1.78 (m. 4 H), 1.82 (d. J « 5 Hz, 2 H). 2.83 (dt. J * 14, 8 Hz, 2 H), 2.85 
(ddd, J ■ 14, 9, 6 Hz, 2 H), 3.82 (m, 2 H), 7.15-7.3 (m, 10 H). Mass spectrum: (M ♦ NH^* « 288. 



Example 150 



4,5-DH2-phenylethylH ,3-dioxolane, 
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The resultant compound of Example 140 was treated with paraformaldehyde and H 2 SCU in acetic acid 
according to the procedure of. Hough, et al. {J. Cham. Soc. t 1952, 1525) to provide the desired compound. 

5 

Example 151 



10 

4,4-Dl-(2-phenylethyl>1 ,3-dioxolane. 



The resuttant compound of Example 20 was treated with paraformaldehyde and H 2 SO* in acetic acid 
rs according to the procedure of Hough, et al. (J. Cham. $oc.. 1952, 1525) to provide the desired compound. 



Example 152 

20 

3,3-Oimethoxy-l ,5-dlphenyipentane. 



26 1;5-Diphenyl-3-pentanone was treated with HCt in anhydrous methanol according to procedure of 
Cameron et al. (J. Cham. Soc 1963, 3864) to provide the desired compound. 



Example 153 

30 



2-(t-Butyloxycartx?nylamiro)^((g > j!^ 

30 

The resuttant compound of Example 780 was hydrogenolyzed according to the procedure of Exam pi 
71 C to provide the desired compound. 



40 Example 154 



2,4-BlHCte-toodnyhasparBginylamirwh^ 

46 

Using the procdure of Example 12 wtth the resultant compound of Example 65 gave a crude amine 
hydrochloride which was coupled to Cbz-Leu-Asn-OH according to the procedure of Example 55 to give, 
after silica gel chromatography using methanol/ chloroform, the desired compound (R< 0.7, 10% methanol in 
so chloroform) as a white softd, m.p. 250*251. Mass spectrum (M + H)* • 993. 



Example 155 

60 

A. Bls-((2*t-butyloxycartonylamino)-3-phenylpropyl)suffide. 
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A solution of 2.30 g (7.0 mmol) of 2-(t-butyloxycart»nylaminoh3-phenylpropyl methanesulfonate (Tetr- 
ahedron Lett 1986, 27 \ 2095) and 0.84 g (3.5 mmol) of sodium suifid nonahydrate in 75 ml of 2:1 
tetrahydr furan/methanol was heated at reflux for 2.5 h. The cooled solution was concentrated in vacuo, 
partitioned between ethyl acetate and water, washed with saturated brine, dried over MgSO*. and 
s concentrated. Silica gel chromatography usjng 20% ethyl acetate in hexan provided 0.42 g (24%) of the 
desired compound. Mass spectrum: (M + H)* ■ 501. 



B. Bis-((2*t-butyloxycarbonylamino)-3-phenylpropyl)sulfone. 

10 • : 

A solution of the resultant compound of Example 155A (404 mg. 0.81 mmol) in 10 ml of dich- 
loromethane was treated with 0.40 g of 80% rn-chloroperbenzoic acid. After being stirred for 16 h at 
ambient temperature, the solution was diluted with dichioromethane, washed sequentially with 10% 
75 Na^SaOjrtN NaOH and water, dried over MgSO*. and concentrated to give 0.36 g (84%) of the desir d 
compound (R* 0.25. 15% ethyl acetate in chloroform) as a white solid, m.p. 227*228*C (dec). Mass 
spectrum: (M + H)* ■ 533. 

Anal. CaJcd. for C 2 iH*oNaO*S*0.75H a O: C. 61.57; H. 7.66; N, 5.13. Found: C, 61.65; H. 7.33; N. 4.93. 

20 

Example 156 



* A Bis-<(2-benzytoxycarbonyl).3-p^ 



Using the procedure of Example 155A but replacing 2-(t-butyloxycarbonylamino)-3-phenylpropyl 
methanesulfonate with benzyl o-benrylacrylate provided the desired compound after silica gel chromatog- 
30 raphy. 



B. Bis^(2^nzytoxyc»rbonyl)-3^r^ 

38 

Using the procedure of Example 155B with the resultant compound of Example 156A gave the desired 
compound. 



<o Example 157 



BM(2*butytoxycart»nylamto^ 

45 — — ^ _ 

Using the procedure of Example 2 with the resultant compound of Example 155A provided the desired 
compound. 

50 

Example 158 



« Bis^(2^n2yloxycarbonyl)>3»phenylpropyl)sutfoxide. 



Using the procedure of Example 2 with the resultant compound of Example 156A provided the desired 
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Example 1 59 



A. N t N-Bis»((2»methoxycafbonyl>>3-phenylpfopyl>-Oben2ylhydfOxylamine. 



The resuttant compound from Example 116A (4 mmol), O-benzylhydroxylamine hydrochloride (2 mmol), 
and NaHCOj (2-2 mmol) in dimethy (sulfoxide (5 ml) were heated at 130* C for 20 h. The mixture was 
diluted with ethyl acetate, washed with water, saturated NaHCO* solution and brine, and then was dried 
over NaaSOt and evaporated. Silica gel chromatography provided the desired compound. 



B. N,N-BlsK(2-methoxycarbonyl)-3-phenylpropy1)hydroxy (amine. 



zo The resuttant compound of Example 159 A (1 mmol) was treated with 10 ml of 30% HBr in acetic acid 
and stirred at ambient temperature for 4 h. After removal of the solvent in vacuo, the residue was partitioned 
between ethyl acetate and aqueous NaHCOt, dried over NaaSOi. and concentrated. Silica get chromatog- 
raphy provided the desired compound. 

25 

Example 160 



oo A. a-lsocyanato-vallne Methyl Ester. 



A suspension of L-vaflne methyl ester hydrochloride (10 g) In toluene (400 ml) was heated to 100* C 
and phosgene gas was bubbled into the reaction mixture. After approximately 6 h, the mixture became 
35 homogeneous. The bubbflng of phosgene was continued for 10 more mln, then the solution was cooled with 
the bubbling of Na gas. The solvent was then evaporated and the residue chased with toluene two times. 
Evaporation of solvent gave 14-2 g of the crude desired compound. 



40 B. fH(4-^yTtdlnyi)methoxycart>onyl)-vaUne Methyl Ester. 



A solution of 0.73 g (4.65 mmol) of the resuttant compound of Example 160 A and 0.51 g (4.65 mmol) of 
pyridlne-4-methanot In 30 mL of toluene was heated at reflux under N» atmosphere for 4 h. The solvent was 
45 removed In vacuo, and the residue was purified by silica gel chromatography using 2% methanol in 
chloroform to give 1X11 g (82%) of the desired compound as an oil. 'H NMR (CDC1,) I 0.91 (d, J ■ 7 Hz, 3 
H), 0.99 (d, J ■ 7 Hz, 3 H), 2.19 <m f 1 H), 3.76 (s ( 3 H), 4.31 (dd. J » 9. 5 Hz, 1 H), 5.12 (s. 2 H), 5.37 (br 
d, 1 H). 7.25 (d, J ■ 6 Hz, 2 H), 8.60 (d, J » 6 Hz, 2 H). 

50 

C. N-<(4>Pyridlny0methoxycarbonyl>»valine Lithium Satt 

A solution of 503 mg (0.191 mmoQ of the resuttant compound of Example 160B In 0.75 ml of dioxane 
55 was treated with 0.46 ml (023 mmol) of 0.5 M aqueous lithium hydroxide. The resulting solution was stirred 
overnight at ambient temperature and concentrated In vacuo to provide the desired compound. 



compound. 



5 
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0. 2HN^(4-Pyridin"yl)m^ 



A solution of the resultant compound of Example 160C (0.191 mmol). 94 mg (0.97 mmol) of the 
5 resultant compound of Example 69, and 31 mg (0.23 mmol) of 1-hydroxybenzotria20ie in 2 ml of 
dimefhylformamide was treated under N* atmosphere with 44 mg (0.23 mmol) of N-ethyi-N- 
(dimethyfaminopropyl) carbodiimide hydrochloride and stirred overnight at ambient temperature. The 
resulting solution was taken up in ethyl acetate, washed sequentially with aqueous NaHCCh. H 3 0. and 
saturated brine, dried over NaaSO^ and concentrated in vacuo. Chromatography on silica gel using 3% 
to methanol in chloroform provided 119 mg (87%) of the desired compound (R ( 0.19. 5% methanol in 
chloroform) as a white solid, m.p, 170-172* C (dec). Mass spectrum: (M + 1) # » 738. 
Anal. Calcd for C4 2 HsiN 5 O7 # 0.5HaO: C, 67.54; H, 7.02; N, 9.38. Found: C, 67.53; H. 7.00; N, 9.39. 



75 Example 161 



A. NK(3"PyHdlnyl)methoxycart?onyl)^afine Methyl Ester. 

20 

Using the procedure of Example 160B but replacing pyrtdlne-4-methanol with pyridine-3-methanol 
provided the desired compound as an oil after silica gel chromatography using 2% methanol in chloroform, 
'H NMR (CDCb) S 0.90 (d, J ■ 7 Ht 3 H). 0 J8 (d, J - 7 Hz, 3 H). 2.16 (m, 1 H). 3.65 fs. 3 H) f 4.30 (dd, J 
25 - 9. 5 Hz, 1 H). 5.14 (s. 2 H), 5.30 (br d. 1 H), 7.30 (dd, J ■ 8, 5 Hz, 1 H). 7.70 (br d. J - 8 Hz. 1 H), 8.58 
(dd, J ■ 4, 1 Hz, 1 H), 8.63 (br s, 1 H). 



B. N^(3-^dinyl)methoxycarbonyl)-valine Lithium Salt 
so — — — — _ — 

Using the procedure of Example 160C with the resultant compound of Example 161 A provided th 
desired compound. 

35 

C. 2HfH(3-Pyridinyl)methQxycartx^ ,5-dipheny^ydroxypentane. 



Using the procedure of Example 1600 but replacing the resultant compound of Example 160C with the 
40 resultant compound of Example 161 B provided, after silica gel chromatography using 3% methanol in 
chloroform, 113 mg (94%) erf me desired compound (R« 0.21. 5% methanol in chloroform) as a white solid, 
m.p. 177-178* C. Mast spectrin: (M ♦ 1)* » 73a 

AnaL Calcd lor CiaHnNiOy-O^O: C, 67.54; H, 7.02; N, 9.3S. Found: C, 67.35; H, 6.90; N, 9.35. 

45 

Example 162 



so A rH(2-^dlnyl)methoxycarbortyl)-vaflne Methyl Ester. 



Using the procedure of Example 160B but replacing pyridine-4-methanol with pyridine-2-methanol 
provided 0.72 g (54%) of the desired compound as an oil after silica gel chromatography using 2% 
85 methanol in chloroform. 'H NMR (CDCtj) S 0.91 (d, J ■ 7 Hz, 3 H), 0.98 (d, J - 7 Hz. 3 H). 2.19 (m, 1 H), 
3.75 (s, 3 H). 4.32 (dd, J ■ 9. 5 Hz, 1 H), 5-24 (a. 2 H), 5.39 (br d. 1 H). 7.23 (ddd, J ■ 8. 4, 1 Hz, 1 H), 
7.37 (d. J • 8Hz,1 H).7.70(td,J - 8, 2 Hz. 1 H), 8.60 (br d. 1 H). 
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B. NK(2-Pyridinyi)methoxycart)onyl>-vailn6 Lithium Salt 



Using the procedure of Example 160C with the resultant compound of Exam pi 162A provided the 
5 desired compound. 



C. 2-M(2-Pyridlnyl)methoxycart»nyl^ 



Using the procedure of Example 1600 but replacing the resultant compound of Example 160C with the 
resultant compound of Example 162B provided, after silica gel chromatography using 2% methanol in 
chloroform. 119 mg (99%) of the desired compound28, 5% methanol in chloroform) as a white solid, m.p. 
194-195* C. Mass spectrum: (M + !)*.■ 738, 
is Anal. Calcd for C*2HstNsO7 # 0.5H20: C. 67.54; H, 7.02; N. 938. Found: C, 6731; H. 7.00; N, 9.37. 



Example 163 



A. hHOPyridinyPcarbonyQ-vallne Benzyl Ester. 



35 " A solution of 2.44 g (6.44 mmoJ) of L-vallne benzyl ester p-toiuenesutfonate in 100 ml of dlch- 
loromethane was cooled under Nj atmosphere to 0* C and treated sequentially with 1.15 g (6.44 mmol) of 
nicotinyl chloride hydrochloride and 2.8 ml (26 mmol) of 4- methylmorphollne. After being stirred at ambient 
temperature overnight the resulting solution was diluted with 200 ml of diethyl ether, washed sequentially 
with water, aqueous NaHCOs, and saturated brine, dried over NajSOi. and concentrated In vacuo to giv 

oo 2.09 g (95%) of the desired compound. 'H NMR (COCb) 5 0.96 (d, J ■ 7 Hz, 3 H), 1.01 (d, J » 7 Hz. 3 H), 
2.30 (m, 1 H), 4.83 (dd. J ■ 9, 5 Hz. 1 H). 5.20 (AA, 2 H), 6.67 (br d t 1 H), 7.37 (br s. 6 H), 8.11 (dd ( J « 
8. 2 Hz, 1 H), 8.74 (br, 1 H), 9.01 ($, 1 H). 



35 B. ^(3-Pyridinyl)carbonyf)-vanne. 



A suspension of 0.16 g of 10% palladium on carbon in 20 ml of methanol was treated with a solution of 
1.08 g (3.16 mmol) of the resultant compound of Example 163A In 10 ml of methanol. The resulting mixture 
40 was stirred vigorously under Hj atmosphere for 4 h, filtered through CetHe, and concentrated in vacuo to 
provide the desired compound as an off-white solid. 



C. 2-{N^(3-PyTldlnyJ)caftaony^ ,5-dlphenyl-3-hydroxypentane. 



Using the procedure of Example 1600 but replacing the resultant compound of Example 160C with the 
resultant compound of Example 163B provided, after silica gel chromatography using 3% methanol in 
chloroform, 85 mg (72%) of the desired compound (Rf 0.21, 5% methanol In chloroform), m.p. 196-199* C. 
so Mass spectrum; (M + 1)* ■ 708. 

Anal. Calcd for C*iH4»NsOt*1.2SHaO: C„ 67.42; H, 7.11; N, 9.59. Found: C, 67.56; H, 6.91; N, 9.66. 



Example 164 

55 



A. rM4-Pyridlnyl)carfaonyl)-vanne B nzyl Ester. 
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Using the procedure of Example 163 A but replacing nicotinyi chloride hydrochloride With isonicotinyl 
chloride hydrochloride provided 2.32 g (97%) of the desired compound. 'H NMR (CDCI 3 ) $ 0.94 (d, J * 7 
5 Hz, 3 H), 0.99 (d, J ■ 7 Hz, 3 H). 2.30 (m, 1 H). 4.62 (dd. J » 9. 5 Hz, 1 H). 522 (AA. 2 H). 6.75 (br d. 1 
H), 7.38 (br s, 5 H), 7.83 (dd, J « 6. 2 Hz, 2 H), 6.76 (dd, J * 6. 2 Hz, 1 H). 



B. l^((4-Pyr1dinyl)carbonyl>>vaHne. 

70 

Using the procedure of Example 163B with the resultant compound of Example 164A gave the desired 
compound. 



C. 2-(N-((4^>yridinyi)cartx3nyl Waiinyi-amlno)^Cbz-valinyfcaminoH ,S-diphenyl-3»hydroxypentane. 



Using the procedure of Example 1600 but replacing the resultant compound of Example 160C with the 
so resultant compound of Example 164B provided, after silica gel chromatography using 3% methanol in 
chloroform, the desired compound. 



Example 165 

23 



A. ^(2K4-Mon^0riyr^yloxy)carbonyf)-valine Methyl Ester. 



A solution of 1.04 g (6 JO mmol) of the resuttant compound of Example 160 A and 0.88 ml (725 mmol) 
of 4-(2-hydroxyethyl)morphoHne in 30 mL of toluene was heated at reflux under N 2 atmosphere for 12 h. 
The solvent was removed in vacuo, and the residue was purified by silica gel chromatography using 5% 
methanol in chloroform to give 1.41 g (71%) of the desired compound as an oil. 'H NMR (CDGb) S 0.89 (d. 
« J ■ 7 Hz, 3 H), 0.96 (d, J ■ 7 Hz. 3 H). 2.18 (m, 1 H) t 2.50 (br t 4 H), 2.62 (I J « 6 Hz. 2 H), 3.72 (t J * 
6HZ.4H), 3.75 (S.3H), 420 (brt2H), 4^7 (dd,J ■ 9, 5 Hz, 1 H), 525 (br d. 1 H). 



B. rM2K444orprK)ttnyi)ethyloxy Lithium Salt 

40 " 

A solution of 77.7 mg (027 mmol) of the resultant compound of Example 165A In 1 ml of dioxane was 
treated with 1.04 ml (0.52 mmol) of 0.5 M aqueous lithium hydroxide. After being stirred for 2.5 h at ambient 
temperature, the resulting solution was treated with 028 ml (028 mmol) of 1 N aqueous HCI and 
45 conce nuale d In vacuo to provide the desired compound as a white solid. 



C. 2KN^(2H4-Morpho0ny1)ethytoxytean^ ,5-diphenyl-3-hydroxypentane. 



Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
resultant compound of Example 165B provided, after silica gel chromatography using 4% methanol in 
chloroform, 150 m^ (94%) of the desired compound (R| 0.34, 7.5% methanol in chloroform) as a white 
solid, mj>. 159*161 C. Mass spectrum: (M ♦ 1) - 760. 
se Anal. Caicd for C^HuNsOi •0.75H20: C, 6522; H, 7.82; N. 9.05. Found: C, 65.19; H. 7.49; N. 9.08. 



Example 168 
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A. ^(2^1-Pyn'0lldinyl)ethyloxy)cart)onyl)-vaiine Methyl Ester 

5 ~ 

Using the procedure of Example 165A but replacing 4^2-hydroxyethyl)morpholine with 4-<2-hydrox- 
yethyl)pyrrolidine provided, after silica gel chromatography using 6% methanol in chloroform, 1.U g (80%) 
of the desfred compound as an oil. 'H NMR (CDCI,) 1 0.90 (d, J « 7 Hz. 3 H), 0.96 (d. J » 7 Hz, 3 H), 1 .60 
10 (m, 4 H) ( £15 <m, 1 H), 2.57 (m, 4 H) ( 2.63 (t J ■ 6 Hz, 2 H), 3J4 (s, 3 H), 420 (br t 2 H), 4.28 (dd. J = 
9, 5 Hz, 1 H), 5.30 (br d, 1 H). 



15 



B. N-((2»(1-Pyn > olidinyl)ethytoxy)carbonyl>>valine Lithium Salt 

Using the procedure of Example 165B with the resultant compound , of Example 166 A provided the 
desired compound as a white solid. 

20 

C. 2H^(2^«ryroUdinyl)emy^ 

Using the procedure of Example 160D but replacing the resultant compound of Example 18* C with th 
29 resultant compound of Example 166B provided, after silica gel chromatography using 7.5% methanol in 
chloroform, 103 mg (63%) of the desired compound (R, 0.13, 7.5% methanol in chloroform) as a white 
solid, m.p. 143-146* C. Mass spectrum: (M + if ■ 744. 

Anal. Caicd for CoH^NfOr: C. 6731; H, 7.72; N, 8.89. Found: C, 6820; H. 7.53; N, 8.89. 

so 

Example 167 



A. ^(2^ranyl)mettexycartx^ Methyl Ester. 

Using the procedure of Example 165A but replacing 4^2-hydroxyethyl)morphoUne with 2-furfuryl alcohol 
provided, after siDca gel chromatography using 20% ethyl acetate in hexane, 031 g (70%) of the desired 
compound as an oil 'H NMR (COCh) 1 0.88 (d, J • 7 Hz, 3 H). 036 (d. J - 7 Ha, 3 H), 2.15 (m, 1 H). 3.74 
(s, 3 H), 429 (dd, J ■ 9, 6 Hz, 1 H), 537 (s, 2 H), 525 (br d, 1 H) 6.36 (m, 1 H), 6.42 (m, 1 H), 7.43 (m, 1 
H). 



B. ^(2-fiirarry1)methoxycarbonyl>^ne. 

Using the procedure of Example 165B with the resultant compound of Example 167 A provided, after 
acidification and extraction Into chloroform, the desired compound as a white solid. 



50 



C. 2H^(2-Furanyl)methoxycart ,5"dlphenyl-3-hydroxypentane. 

ss Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
resultant compound of Example 167B provided th desired compound. 
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Example 168 



5 A. N^((1»Methyl)pyrTolidin»2'yi)methoxycarfaonyl)-vaJine Methyl Ester. 

Using the procedure of Example 165A but replacing 4-(2-hydroxyethyl)morpholine with 1-methyl-2- 
pyrrolidine-methanol provided, after silica gel chromatography using 5% methanol in chloroform the 
io desired compound as an oil. *H NMR (CDCb) I 0.90 (d, J ■ 7 Hz. 3 H), 0.96 (d, J - 7 Hz. 3 H) 1 6-2 0 (m 
34 H), 2.15 (m, 1 H). 223 (Id. J - 9. B Hz. 1 H), 2.40 (s. 3 H). 2.53 (m. 1 H), 3.03 (m. 1 Hj, 3.74 (s 3 H)' 
4.00 (dd, J - 12, 6 Hz, 1 H), 4.17 <dd. J « 12. 5 Hz, 1 H), 4.28 (dd. J « 9. 5 Hz. 1 H). S27 (br d 1 H) 



»• B. N^((1>Methyl)pyrrolidln-2-yl)methoxycart>onyl)-valine Uthium Salt 

Using the procedure of Example 165B with the resultant compound of Example 168A provided the 
desired compound as a white solid. 

20 

C. 2-(N-{((1 -Methyl)pyrolicflr>-fryr)rr^ .5-diphenyl-3-hydrox- 

ypentane. 

25 

Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
resultant compound of Example 168B provided, after silica gel chromatography using methanol in chlo- 
roform, the desired compound. 

30 

Example 169 



A, ^((1«MethyQpiperazifM>yl)cartx)nylKailne Methyl Ester. 



A solution of 0.88 g (5.47 mmol) of the resultant compound of Example 160 A in 10 ml of dich- 
loromethane was treated with 0.73 ml (6.6 mmol) of 1-methylpiperazine. The resulting solution was stirred at 
40 ambient t emperatur e for ZS h, after which it was concentrated in vacuo. The residue was purified by silica 
gel chromatography using 5% methanol In chloroform to provide 1.40 g (100%) of the desired compound 
'H NMR (COCb) « 0.81 (d, J - 7 Hz, 3 H). 0.95 (d. J - 7 Hz, 3 H). 2.13 (m. 1 H). 2^1 (s, 3 H). 2.41 (t J - 
5 Hz, 4 H), 3.43 (m, 4 H), 3,74 (a, 3 H) ( 4.46 (dd, J - 9. 5 Hz, 1 H). 4.93 (br d, 1 H). 



B. ^((1-Methyf)piperaziri^y()cafbc^ Uthium Salt 



Using the procedure of Example 165B with the resultant compound of Example 169 A provided the 
so desired compound as a white solid. 



C.2^((1-M ethyl)flperazin^^ 

55 

Using the procedure of Example 160D but replacing the resultant compound of Example 160C with the 
resultant compound of Example 169B provided, after silica gel chromatography using 6% methanol in 
chloroform, 196 mg (98%) of the desired compound (R, 0.15. 7.5% methanol in chloroform) as a white 
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solid, m.p. 175-178*0. Mass spectrum: {M + 1)* « 729. . 

AnaL CaJcd for CiiH«N«0« # HaO: C ( 65.93; H. 7.83; N, 11.25. Found: C, 65.58; H, 7.70; N. 11.14. 



5 *' Example 170 • 



A. N-((t-Butyloxy)carbonyl)-phenylalanJnal. 

10 

A solution of 2.8 ml (40 mmol) of dry dimethylsulfoxide in 150 ml of dry dichloromethane was cooled 
under nitrogen atmosphere in a dry ice/chloroform bath (ca -60* C). In a separate flask, a 2 M solution of 
Soxaiyi chloride in dichloromethane (15 ml, 30 mmol) was precooled to -60* C and then added via cannula. 

75 After 10 min, a solution of 5 g (20 mmol) of N-<(t-butyloxy)carbonyl)-phenylalaninol in 30 ml of dry 
dichloromethane was added via cannula. The resulting solution was stirred at -60* C for 45 mln, and was 
subsequently treated via syringe with 11 ml (80 mmol) of dry triethylamine. After being stirred for an 
additional 15 min at -60* C, the solution was quenched by addition of 10% aqueous citric acid, th n 
Immediately poured into a rapidly stirred mixture of 200 ml of 1:1 hexane:ether and 100 ml of 10% aqueous 

20 citric acid. The reaction flask was rinsed with ether which was added to the above mixture. The mature was 
poured Into a separately funnel and the layers were separated. The aqueous layer was washed sequentially 
with dilute aqueous sodium bicarbonate and saturated brine, dried over MgSOi. and concentrated in vacuo 
to provide the crude desired compound. 

25 

B. 2.5-OH^(t-butytoxy)cart^ .frdlphenylhexane. 



In a glove bag purged with argon, a 500 ml three-neck flask was charged with 27 g of TiClj(DME)2 

30 followed by 200 ml of anhydrous dimethoxyethane (0ME). A separate flask was charged with 20 g of Zn-Cu 
couple and connected to one of the side necks of the three-neck flask with Gooch tubing. The flask was 
sealed with septa, removed from the glove bag, and outfitted under positive argon flow with an overhead 
mechanical stirrer. Under positive argon pressure, Zn-Cu was added in portions with vigorous stirring. After 
addition, the Gooch tubing was removed and replaced with a rubber septum. Stirring was continued, while 

36 the flask was placed in an oil bath and heated to 85* C for 2*5 h. After being allowed to coot, the flask was 
placed in an ice bath while stirring was continued, and the mixture was treated via cannula with a solution of 
the resultant compound of Example 170 A (20 mmol) In 20 ml of anhydrous dimethoxyethane. The progress 
of the reaction was monitored by tic After 1 h, the reaction mixture was filtered through Celite, and the 
residue was washed wtth ethyl acetate. The filtrate was treated with saturated aqueous sodium bicarbonate, 

40 and air was bubbled through the suspension until it became white. The layers were separated, and the 
organic layer was washed wtth saturated brine, dried over MgSO«, and concentrated to give 3.7 g of a light 
yellow aofct The aottd was taken up In dichloromethane, treated with siBca gel, v>d concentrated to a freely 
flowing powder. The powder was placed on the top of a silica gel column and eluted first with 70:30 
haxxneathyl acetate to bring off the more mobile product (R< 0*26, 70:30 hexane:ethyl acetate) which 

46 contained two diastereomers (2S,3S.4S V 5S and 2S,3R,4S,5S) followed by 60:40 hexane:ethyi acetate to 
bring off the less mobile product (R, 0.10) which contained one major dlastereomer (2S,3R,4R.5S). 
(23.3a4RSS)-2,S»DH^frbutyk^ m.p. 200-202* C. y H 

NMR I 1.35 (s, 18 H), 2B7 (dd, J ■ 13, 7 Hz, 2 H), 2£8 (dd. J • 13, 7 Hz, 2 H),3.41 (m. 2 H), 3.78 (br q, J 
■ 8 Hz, 2 H), 3.96 (m. 2 H), 4.77 (br d, J - 8 Hz. 2 H), 7.15-7.3 (m, 10 H). Mass spectrum: (M ♦ H) # - 

so 501. 

AnaL Calcd for Ca,HUoN a O« 'O^HsO: C, 65.99; H, 6.11; N. 5.50. Found: 65.96; H, 7.96; N, 5.49. 



Example 171 

ss 



(2S,3R,4R,5S)"2,5'Diamin>3 t 4HJihydroxy«1,6-dlph nylh xane. 
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(2S,3R.4R t 5S>-2,5-DHN^(Mx^ ,6-dipheny Ihexane (2.7 g, 5.4 

mmol) was treated with 200 ml of 6N aqueous hydrochloric add and heated to 90 * C until the solid had 

5 completely dissolved (30 min). The resulting solution was cooled, concentrated in vacuo, treated with 
saturated brine and 3N aqueous NaOK extracted with chloroform, dried ov r Na 2 SO*. and concentrated in 
vacuo. Silica gel chromatography using 3% methanol/2% isopropylamine in chloroform provided the pure 
desired compound <R| 0.40, 5% methahol/2% isopropylamine in chloroform) as a white solid, m.p. 86-89* C. 
1 H NMR (CDCIa) I 2.72 (dd, J » 14, 9 Hz. 2 H), 2.92 (dd. J « 14, 6 Hz. 2 H). 3.03 (dd, J * 9, 5 Hz, 2 H), 

io 3.69 (s. 2 H). 7.15-7.35 (m. 10 H). Mass spectrum: (M ♦ H)* ■ 301. 

Anal. Calcd for CnH a 4NaOj'025HjO: C. 70.91; H, aiO; N, 9.19. Found: C. 70.52; H. 7.92; N. 8.93. 



Example 172 

76 



A. N-((Chz-valinyl)oxy)-succinimide 



A suspension of 3.40 g (13.5 mmol) of Cbz-valine and 1.56 g (13.5 mmol) of N-hydroxysuccinimide in 
200 ml of dichloromethane was treated with 2.86 g (14 £ mmol) of N-ethyl-N'-<dimethylaminopropyl) 
cartxxliimide hydrochloride and stirred at ambient temperature for 4 h. The resulting solution was washed 
sequentially with 10% citric acid, aqueous NaHCOs, and water; dried over NajSOi. and concentrated in 
25 * vacuo to provide 4.00 g (85%) of the desired compound. 



B. (2S > 3R,4R t 5S)-2^[>^Cbz^nyl)amino)-3 t 4^hydroxy-1 ,6-diphenylhexane. 



A solution of 28.7 mg (0.096 mmol) of the resultant compound of Example 171 in 1 ml of dioxane was 
treated with 139 mg (0.40 mmol) of the resultant compound of Example 172A and stirred at ambient 
temperature for 24 h. The resulting solution was treated with 03 ml of 3N NaOH. stirred for 15 min, 
extracted with two portions of 10% methanol In chloroform, dried over NaaSOi, and concentrated in vacuo. 
36 The residue was chromatogr ap hed on silica gel using 3% methanol in chloroform to provide 42.4 mg (58%) 
of the desired compound (R< 0-35, 5% methanol in chloroform) as a white solid, m.p. 231-232* C. Mass 
spectrum: (M + H)* » 787. 

Anal. Calcd for C^H^NiOt •0.25H*O: C, 6831: H f 7.12; N ( 7.26. Found: C, 68.48; H. 7.11; N, 7.12. 

40 

Example 173 



<* (2S3R,4lj5S)»2S-OHN-(vafiny .frdlphenylhexane. 



Using the procedure of Example 71C with the resultant compound of Example 172B provided th 
desired compound^ (R« 0X7, 10% methanol In chloroform) as a white solid, m.p. 205-207* C. Mass 
so spectrum: (M ♦ H)* ■ 499. 

Anal. Calcd for Cai^aNiOi # 0.75HaO: C. 65.66; H. 8-56; N, 10.94. Found: C, 65.47; H. 7.93; N, 10.59. 



Example 174 

65 



A. N-((4*Pyridiny0methoxycari3onyl)-vafine. 
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Using the procedure of Example 160C but adding twice the amount of 1M HCI provided the desired 
compound. 

B. 2,4-DHN-((4^yridlnyl)methoxyc^^ 



io The resultant compound of Example 174A (0.60 mmol) was coupled to the resultant compound of 
Example 12 (60 mg, 0.22 mmol) using the procedure of Example 55 except that the reaction was allowed to 
proceed for 2 days at ambient temperature. Silica gel chromatography using methanot/chloroform provided 
the desired compound (Rf 0.44, 10:1 chloroform rmethanol) as a white solid, m.p. 158-159* C. Mass 
spectrum: (M ♦ H)* « 741. 

7« Anal. Calcd for C41 HsoNcOr # 0.5HaO: C ( 65.85; H. 6.87; N, 1 1.24. Found: C. 6.76; H. 65.67; N, 11.12. 



Example 175 



A, rH(3*^<flnyiynethoxycarbonyiyvallne. 

26 Using the procedure of Example 181 B but adding twice the amount of 1M HCI provided the desired 
compound. 

B. 2 t 4>Dl-(r4^(3^yridnyl)methoxycarbonyl>^ailnyl»amino^1 ,5-dtphenyl-3-hydroxypentane. 

00 

Using the procedure of Example 174B but replacing the resultant compound of Example 174 A (0.60 
mmol) with the resultant compound of Example 175A gave, after silica gel chromatography using 
methanot/chloroform, the desired compound (Rf 0.53, 10:1 chloroform methanol) as a white solid, m.p. 177- 
36 178* C. Mass spectrum: (M ♦ H)* ■ 741. 

Anal. Calcd for C*iH«oN«Oy *0JH a O: C, 8535; H. 6.87; N, 11.24. Found: C, 66.09; H, 6.72; N. 11-24. 



Example 176 

40 



A. N^(2*PyTldlnyr)mett¥3xycarbonyr>'vallne. 

46 

Using the procedure of Example 162B but adding twice the amount of 1M HQ provided the desired 
compound. 

so B. 2,4-r^N^(2^>y^nyl)methoxycar^ ,5-dIphenyh3-hydroxypentane. 



Using the procedure of Example 174B but replacing the resultant compound of Example 174 A (0.60 
mmol) with the resultant compound of Example 176A gave, after silica get chromatography using 
ss methanot/chloroform, the desired compound as a white solid, m.p. 155-158* C. Mass spectrum: (M * H) 
■ 741. 

Anal. Calcd for Ci,Hs 0 N«O7*0.5H2O: C, 65.85; H, 6.87; N, 11.24. Found: C. 65.89; H, 8.90; N, 1124. 
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Example 177 . 



2>DH^((3-pyridinyl)caft)onyl)^^ 



A solution of 15 mg (0.032 mmol) of the resultant compound of Example 140 and 0.01 ml (0.09 mmol) 
of 4-methylmorpholine in 2 ml of dichloromethane was cooled to 0* C and treated with 12 mg (0.067 mmol) 
of nicotinyl chloride hydrochloride. The resulting solution was stirred at 0* C for 1 h, washed with aqueous 
NaHCOs, dried over NajSOi. and concentrated In vacuo. The residue was recrystallized from 
chloroform/ethyl acetate/hexane to afford the desired compound (Ri 0.40, 10% methanol in chloroform) as a 
white solid, m.p. 228-230. Mass spectrum: (M + H)* - 679. 



Example 178 



2.5-DHN^K3^yr<diny1)cart)onyl)^ 



Using the procedure of Example 177 with the resultant compound of Example 173 provided the desired 
compound. 



Example 179 



2,5^1H^(3^yridnyl)carbony 



Using the procedure of Example 177 but replacing the resultant compound of Example 140 with th 
resultant compound of Example 171 provided the desired compound 



Example 180 



2>DHfH(4-pyridlny1)c»^ ,6-dlphenylhexane. 



Using the procedure of Example 177 but replacing the resultant compound of Example 140 with the 
resultant compound of Example 171 and replacing nicotinyl chloride hydrochloride with isonicotinyl chlorid 
hydrochloride provided the desired compound 



Example 181 



A. Ethyl 4<SH(t-Buty1oxy<artxyyl)amir^^ 



To a suspension of 1.2 g (17 mmol) of activated zinc in 5 ml of tetrahydrofuran under argon in a 
sonicating bath was added slowly a solution of 1.7 g (63 mmole) of Boc-L-cyclohexylalaninaJ and 2.34 ml 
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(18.4 mmole) of ethyl bromodlfluoroacetate in 30 ml of tetrahydrofuran. After complete addition, me solution 
wai sonicated for an additional 30 min. The mixture was th n added to 1 M KHSO* and extracted with 
dlchloromethan (3 x 100 ml), dried with NaaSO*, filtered and concentrated In vacuo. The residual oil was 
purified by silica ©el column chromatography (15-30% thy I acetat In hexane) to giv 1.22 g (75%) of two 
s dlastereomers. 

3(R) diastereomer *H NMR (CDCIj) t 1.37 (t 3H, J -7.0 Hz), 1.46 (S, 9H), 4.35 (q, 2H. J -7.0 Hz); m.p. 73- 
74.5 # C. 

Anal. (CiiH,,N05F2)C.H.N. 

3(S) diastereomen 'H NMR (CDCIj) 5 1.37 ft 3H, J -7.5 Hz), 1.45 (S, 9H), 4.31 (q, 2H, J-7.5 Hz); m.p. 
io 115-117 # C. 

Anal. (CuHjiNOsF:) C,H f N. 



B. 2-Oxazolidinone derivative of Ethyl 4(S)-aminch5*cyck>hexyl-2 r 2-difluoro-3(Rhhydroxypentanoate. 

To 50 mg of the resultant 3(R) isomer of Example 181 A was added 1 ml of 4 M HC1 in dioxane. The 
solution was stirred at ambient temperature for 30 min. The concentrated residue was dissolved in 
dlchloromethane and treated with 0.1 ml of triethylamine and excess phosgene in toluene (10% solution). 
20 After stirring at ambient temperature for 1 hr, the crude product was purified by silica gel column 
chromatography (10% ethyl acetate in hexane) to give 32 mg of desired compound. *H NMR (CDCtj) d 
1.38 (t 3H. J-7 Hz), 4.08 (m, 1H), 4.38 (q, 2H, J-7 Hz), 4.58 (ddd. 1H. J - 4.5, 6.0, 15 Hz), 46.05 (br S, 
1H). Anal. (CiiHaiNOiFa) CH.N. 

28 

C. 4(S)K7dohexylmethyt^H4V,4'^ffluor^ 



The hydrolysis of 2-5 g o* the resultant compound of Example 181 B by lithium hydroxide In aqueous 
so methanol provided 2.3 g of the corresponding carboxylic acid. The add was dissolved in 40 ml of 
tetrahydrofuran and cooled to -78* C. To the vigorously stirred solution was added 18 ml of Isopropyl 
lithium solution in. pentane (12.4% by wt). After 30 min, the solution was slowly wanned to 0* C and stirred 
for an additional 30 min. The reaction was carefully quenched with water and extracted with ethyl acetate (3 
x 100 ml), dried and concentrated In vacua The crude product was purified by silica gel column 
ss chromatography (20% ethyl acetate In hexane) to give 138 g of desired product 1 H NMR (CDCIa) d 1.20 (t, 
6H, J -6.3 Hz), 3.17 (d of heptet 1H, J-1A 6.6 Hz). 4.06 (m, 1H), 4.62 (ddd, 1H. J«4.5. 6.0, 20.4 Hz), 
5.63 (br S, 1H). AnaL (CuH a iNO*F a ) C.H.N. 



40 D. Oxime derivative of 4(SVcydohexylmethyt»5(RH4 (4 ,4 ^lfiuoro-3 oxo-2 / ^ethyR>utyl)>>2-oxazolidinone. 



To a solution of 12 g of the resultant compound of Example 181C In 20 ml of ethanol was added 0.55 
ml of pyridine and then 410 mg of hydroxy amine hydrochloride. The solution was heated to reflux for 5.5 
4« hre. The solvent was removed in vacuo and the crude product was purified by silica gel column 
chromatography (10% EtOAc/CHaCfe) to give 1.12 g of desired product Mass spectrum: M* -318. 



E. 4(S)^ctohexylrTWtr^5(RH4V/ 

60 " 

To a solution of 1.1 g of the resultant compound of Example 1 81 D in 40 ml of ethanol was added 0.5 g 
of activated Raney nickel The reaction mixture was stirred vigorously under a hydrogen atmosphere for 2 
h. The catalyst was filtered off and the filtrate concentrated to a oily residue. The crude product was purified 
55 by silica ge[ column chromatography (10% EtOAc/CH a Cla) to give 550 mg of desired product Mass 
spectrum: M*«304. 
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F. 3,8-0<ttmlnch7<ydohexyfc5*ydroxy^,4^ 

T a solution of 150 mg of the resultant compound of Exampl 181E in 10 ml of dioxane and 10 ml of 
water was added 325 mg of barium hydroxide octahydrate. The reaction mixture was heated to reflux for 
04 hrs. The suspension was cooled to ambient temperature and filtered and the solid was washed with 
ethyl acetate. The filtrate was washed with satd. brine and the aqueous phase was extracted with ethyl 
acetate (2 x 50 ml). The combined ethyl acetate solution was dried, filtered and concentrated to provide 130 
mg of the desired product Mass spectrum: M* «278. 

Example 182 



3,6-Bis^Cbz^lnyl-aminoh7<yctohexyt-^ 



To a solution of 130 ml of the resultant compound of Example 181F in 10 ml of dimethylformamide was 
so added at 0 C successively 230 mg of Cbz-valine. 220 mg of r^myl-N '^dimethylaminopropyl) car- 
bodiimide hydrochloride. 400 mg of 1 -hydroxyberuotrlazole and 0.16 ml of triethylamine. The solution was 
stirred at 0 C for 3 hrs and at ambient temperature for 12 hrs. The dimethylformamide was removed under 
vacuum and the residue was dissolved in 50 ml of ethyl acetate and washed with saturated, brine. The 
aqueous layer was extracted with ethyl acetate (2 x 50 ml) and dried, filtered and concentrated. The crud 
product was purified by siBca gel column chromatography (2% MeOrVObCt*) to give 220 mg of th 
desired compound (64%). Mass apecinjm: (M*H)*«745. 'H NMR (CDCI,) d 0.78-0.90 (m. 18H), 3.60 (m, 
1H). 3.85 (m t 1H) t 4.00 (m, 1H). 4.40 (m. 1H), 4.55 (m. 1H). 5.03 (S, 4H). 5.78 (d, 1H), 7-25-7.36 (m, 10H), 
7.69 (d, 1H). 



Example 183 



3,6-Bis^Cte-vaHnyKamir^ 

A solution of oxidant was prepared as follow* to 392 mg of sulfuric acid was added 5 ml of acetic acid 
and 296 mg of sodium dchromate. To a solution of 150 mg of fte resultant compound of Example 182 in 
10 ml of ace*c add was added 2 ml of the oxidant After stirring at ambient temperature for 1 hr. the acetic 
add was removed under vacuum and the residue was dissolved In 50 ml of ethyl acetate and washed with 
30 ml * "H* fry* was extracted with ethyl acetate (2 x 40 ml) and the combined ethyl 

*** U w , 30<> *? n *** dri# * WtBfBd *** concentrated. The crude product was purified by silica gel column 
chromatography (10% BGAc/CHjCb) to give 120 mg of the desired compound (80%). Mass spectrum: 
(M + H) -743. 'H NMR (COCb): d 0.85-0.98 (m, 18H), 3.9O4.02 (m, 2H) ( 460 (m. 1H), 5.35 (br d, 1H). 6.10 
<br d, 1H), 6.20 (br d, 1H), 7.35 (m, 10H). 



Example 164 



3,6-Bls^Cbz-Q^ethy^sertnyframiro^ 

To a solution of 90 mg of the resultant compound of Example 1 81 F in 7 ml of dimethylformamide was 
led at 0*C 164 mg c* Cbz-0-methyl-serine. 160 mg of N-ethyl-N'-(dimethylaminopropyl) carbodiimide 
hydrochloride, 280 mg of 1-hydroxybenzotriazole and 0.11 ml of triethylamine. The solution was stirred at 
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0*C for 3 hrs, then it ambient temperature for 19 hrs. The OMF was removed under vacuum and the 
residue was dissolved in 50 ml of ethyl acetate and washed with satd. NaHCOa, then brine. The aqueous 
layer was extracted with EtOAc (2 x 50 ml) and dried, filtered and concentrated. Th crud product was 
purified by silica gel column chromatography (82%) of the desired compound. Mass spectrum: (M + H>- 
•-749. 



Example 185 



3,6-Bls^Cbz^methylserinyhamino)-7<yctohs 



The resultant compound of Example 184 (60 mg) was oxidized using the procedure of Example 183 to 
give 40 mg of desired product Mass spectrum: (M ♦ H) -747. 



Example 186 



3,g-Bls^acetyW*netrTytaerinyt»am 

A solution was 50 mg of the resultant compound of Example 185 and 20 mg of 10% Pd/C was stirred 
vigorously under a hydrogen atmosphere. After 30 minutes, the catalyst was filtered off and the filtrate 
concentrated to give a colorless oil, which was dissolved in 2 ml of CHjCt*. The solution was cooled to 
0*C, 0.03 ml of trlethyiamine and 0.01 ml of acetyl chloride were added. After 2 hrs, the solution was 
concentrated and the crude product purified by silica gel column chromatography (5% MeOH/CHjCfe) to 
give 16 mg of the desired compound Mass spectrum: (M+H) # »565. 



Example 187 



Glydne Ester of £4-BMCto-vaUnyl-arnfnoH ,5Kfipherryl3-hydroxyperrtane Acetate Salt 



Using the procedure of Example 95 with -the resultant compound of Example 70 provided the desir d 
compound* 



Example 188 



2.5-r>{fHtt-buty1oofr)carborry^^ ,8-<g-<4-thlazolyr)hexane. 



Using the procedures of Example 170 A and Example 170B but replacing fH(t*buty)oxy)carbonyl)» 
phenylalanine wtth ^(t-^utyloxy)carbonyrH4-thlazolyl>-alaninol provided the desired compound. 



Example 189 
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A. Benzyl 2-<1-morphoMnyl)acetat . 



A solution of 1.5 ml (17 mmol) of morpholine in 40 ml of dichloromethane was treated with 1 ml (6.3 
5 mmol) of benzyl 2-bromoacetate. The resulting solution was stirred at ambient temperature for 16 h. The 
resulting solution was filtered and concentrated in vacuo. The residue was purified by silica gel chromatog- 
raphy using 3:1 chloroform:ethy1 acetate to provide 1.35 g (91%) of the desired compound. 'H NMR 
(CDCIi) I 2.59 (m. 4 H). 3.27 (s. 2 H). 3.77 (m, 4 H), 5.17 (s, 2 H), 7.3-7.4 (m. 5 H). 

TO 

B. 2-(1-Morpholinyt)acetic Acid. 



Using the procedure of Example 163B wtth the resultant compound of Example 189 A provided the 
75 desired compound. 



C. 2.5-Pi-(N^(2^1^onrtofinyl)accW ,9"dlpheoylhexane. 

The resultant compound of Example 189B was coupled to the resultant compound of Example 173 
using the coupling procedure of Example 55 provided, after silica gel chromatography using a gradient of 3- 
5% methanol in chloroform, the desired compound (R< 0.31, 10% methanol in chloroform). 

2S 

Example 190 



so A Benzyl 2-(l-lmidazolyl)acetate. 



A solution of 1.4 g (21 mmol) of imidazole and 1X1 ml (6.3 mmol) of benzyl 2-bromoacetate in 40 ml of 
dichloromethane was stirred at ambient temperature for 18 h. The resulting solution was washed with water. 
3s dried over Na^SO*. and concentrated In vacuo. Silica gel chromotography of the residue using 5% 
methanol In chloroform provided 1.22 g (89%) of the desired compound as an oil. 'H NMR (CDCIi) 5 4.73 
(s, 2 H), 5-21 (s, 2 H). 6.96 <t J « 1 Hz, 1 H), 7.11 (t, J - 1 Hz, 1 H), 7.38 (m. 5 H), 7.51 (br s. 1 H). 



40 B. 2-{Hmldazoryl)acetfc Add 



The reeuftv* compound of Example 190 A was hydrogenolyzed according to the procedure of Example 
163B except that water was added prior to filtration to toJublllze the product Removal of the solvent after 
45 filtration provided the desired compound. 



C. Z5-DHN-<(2-{1 4midazoryl)acetyl>vaflnyl-amlno>>1 ,5-dlphenyl-3,4-dihydroxypentane. 

60 

The resultant compound of Example 190B was coupled to the resultant compound of Example 173 
using the carbodBmlde coupling procedure described in Example 55 to give a crude mixture in which the 
product was soluble. The mixture waa diluted with ethyl acetate, filtered, and the solid was washed 
sequentially with water and ethyl acetate. The residue was air-dried to provide the desired compound in 
96 40% yield. 



Example 191 
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A. H2-Bromorwxanoyl)-4-methylpiperazfn . 

Using the mixed anhydride procedure of Example 6F, 2-bromohexanoic acid was coupled to 1- 
methylpiperazine provide the desired compound. 

70 

B. 2,5-r>(N^(2H4-methy IpiperazirH -y i)carbony ()penM -yl)amino)-3,4-dihydroxy-1 ,6-dlphenylhexane. 



Using the procedure of Example 159 A but replacing the resultant compound of Example 116A with the 
is resultant compound of Example 181 A and replacing O-benzyihydroxyiamine hydrochloride with the resultant 
compound of Example 171 provided the desired compound. 



Example 192 

30 



2,5-OI-(r+(2^ethoxycan^^ -yl)amir>o)-3 t 4-dihydroxy1 ,frdlphenylhexane. 

28 

Using the procedure of Example 159A but replacing O-benzylhydroxylamine hydrochloride with the 
resultant compound of Example 171 provided the desired compound. 

*> Example 193 



A 4^2KBerttytoxycan^yf)-3^ethytprop-l*yl>-i ,1-dioxo-l ,4-thJazln e. 

38 — ' 

According to the method of KawaguchJ, et al. (Agrle. BioL Cnero. 1987, 5/, 435), 3-sutfolene was 
ozonolyzed and aminated with L-valine benzyl ester p-toluenesutfonate to provide the desired compound. 

40 

B. 4K2-Carboxy-a-methy1prop-1 -yl)-1 ,1 -dloxo-1 ,4-thiazine. 



The resultant compound of Example 193A was hydrogenolyzed according to the procedure of Exampl 
48 183B to provide the desired compound. 



C. 2,S-OHN«<2-<1 ,lKflCP»thiazin^4>yl)>3-methy lbutanoyl)amlno)-3,4^hydroxy-1 ,6-diphenylhexane. 

so 

The resultant compound of Example 193B was coupled to the resultant compound of Example 171 
using the coupling procedure described In Example 160D to provide the desired compound. 



« Example 194 
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. A. 4^2-(Beruytoxycarbonyl)»3^e^ 



According to the method of Kawaguchi, et al. (Agrla Biol. Chem. 1987. 51. 435), 2.5-dihydrofuran was 
s ozonoiyzed and aminated with L-vaiine benzyl ester p-toluenesulfonate to provide the desired compound. 



B. 4-(2-Cartx)xy*3-methylprop'1-yl)morpho»ne. 

70 

The resultant compound of Example 194A was hydrogenolyzed according to the procedure of Example 
163B to provide the desired compound. 



18 C. 2,5-Di-<N'<2'(morpholln'4*yl)»3'methylbutanoyl)amino)-3.4-dihydroxy 1 ,6-diphenylhexane. 



The resultant compound of Example 104B was coupled to the resultant compound of Example 171 
using the coupling procedure described in Example 1600 to provide the desired compound. 

20 

Example 195 



25 

2,5-PH2-(1 ,1 ■dloxothiazin-4>yl)-3 l 4-dihydroxy>1 ,6-dIphenyfhexane. 



According to the method of Kawaguchi, et ah {Agrlc. BloL Chem. 1987, 57, 435), 3-sulfolene was 
30 ozonoiyzed and aminated with the resultant compound of Example 171 to provide the desired compound. 



Example 196 

38 

A. N, l*BlsKCte-vaflny1H2S, 3^ 4R SS)-1 2^ t 6^lmino^,4^sopropyndenehexanediol 

40 A solution of (2S,3R4a5SH J25,6KJnmino-3,4-^sopropyndef)ehexanediol (2.72 g, 12.7 mmol, Y.L 
Merrer, et ai, Hefarocyc/et, 1987, 25. 541-548)) and 3.51 g (14 mmol) of N-Cbz-vaHne in 30 mL of dry THF 
was cooled In an Ice bath. To the cooled solution was added 2.684 g (14 mmol) of W3- 
dlmethylarrtiwpropyt)^ hydrochloride, followed by 1.95 mL (14 mmol) of triethylamin . 

The reaction mixture was stirred overnight In the ice bath. The reaction temperature was 10* C when the 

46 reaction mixture was diluted wfth ethyl acetate, washed with dilute aqueous sodium bicarbonate solution and 
brine and dried over anhydrous magnesium sulfate. The solution was filtered and concentrated under 
reduced pressure. The residue was purified by flash chromatography on a 5 X 30 cm silica gel column 
efuted with 50% ethyl acetate in hexane to give 1-20 g (26.3% yield) of the tWe compound; FAS MS M/Z: 
651 (M + H) ; 'H NMR (CDCfe) * 0.96 (d, 6H). 1.03 (d. 6H). 1.33 (s. 6H), 2.1 5-2.28 (m. 2H). 2.48 (d. 2H), 2.58 

so (d, 2H), 2.74 (br s. 2H), 3.69 (br s, 2H), 4-27 (dd. 2H), 5.09 (s, 4H). 7.30-7.40 (m. 10H). Analysis calculated 
for C«HiiN40t: C. 64.62; H. 7.08; N, &62. Found: C. 64.35; H. 7.07; N, 8.41. 



B. N. N»Bls-(Cbz-vaflnylH2R. 3R. 4R, 5RH.6^is(phenylthio)-2,S^lamlrx>3,4-^ 

80 

To a slurry of 22.5 mg (0.564 mmoO of 60% sodium hydride in 1 mL of THF cooled in an ice bath, was 
added 87 uL (0.848 mmol) of thiophenol. The mixture was stirred for 0.5 h and then a solution of 92 mg 
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(0.141 mmol) of the resultant compound of Example 196A In 2.0 ml of DMF was added to the mixture at 
ambient temperature. The reaction mixture was stirred at ambient temperature overnight and then dilated 
with ethyl acetate and water. The aqueous mixture was extracted with ethyl acetate. Th organic phas was 
concentrated under reduced pressure. The residue was purified by flash chromatography on a 1 .0 X 30 cm 
6 silica gel column eluted with 40% ethyl acetate in hexane to giv 55 mg (45% yi Id) of the titi compound; 
FAB MS M/Z: 871 (M + H)*; 'H NMR (CDCI,) t 0.89 (d, 6H), 0.96 (d. 6H). 1.32 (s. 6H). 2.10-221 (m, 2H), 
2.88-2.98 (dd. 2H), 3.05-3.15 (dd, 2H). 3.95 (dd. 2H), 4.0 (br s. 2H), 4.11 (dd, 2H) ( 5.09 <s. 4H), 7.12-725 (m f 
8H), 7.30-7.40 (m, 10H). 

70 

C. N t N-Bis-(Cb2-vannylH2R. 3R, 4R, 5Rh1,6-bi3(ph8nytthfoh2,5*diamino-3>hexanediol 



A solution of the resultant compound of Example 196B (55 mg, 0.063 mmol) In 2.0 ml of trtfluoroacetic 
1$ add containing 02 mL of water at 0*C was stirred for 4 h. The solvent was evaporated under reduced 
pressure and ethyl alcohol was added to the residue. The ethanol was removed under reduced pressure 
and the residue was purified by flash chromatography on a 1.0 X 35 cm silica gel column eluted with 40% 
methylene chloride in ethyl acetate to give 38 mg (73% yieid)of the title compound; FAB MS M/Z: 831 
<M + H) # ; 'H NMR (CDCI*) f 0.89 (d, 6H). 0.97 (d. 6H), 2.10-220 (m f 2H), 3.08-320 (m. 2H), 3.66 (br s. 2H) B 
90 3.74 (br s. 2H). 3.92 (dd. 2H), 5.11 (s, 4H), 7.12-729 (m, 8H), 7.3O-7.40 (m, 12H). Analysis calculated for 
C*4H$4N40iS a : C. 63.81: H. 6.50: N, 8.75. Found: C, 63.61; H, 6.57; N, 6.69. 



Example 197 

29 



2>DtHN^Ct«-l80leudnyl)aminoh3,4-dihydroxy>1 ,6-diphenylhexane. 



A mixture of 10 mg (0.033 mmol) of the resultant compound of Example 171 and 38.6 mg (0.10 mmol) 
of Ct»-isoleucine p-nltrophenyi ester in 02 ml of tetrahydrofuran was stirred at ambient temperature for 21. 
h. The resulting mlsture was diluted with 1 ml of tetrahydrofuran, treated with 0.5 ml of 3N NaOH, stirred for 
45 min, extracted with chloroform, washed sequentially with 3N NaOH and saturated brine, dried ver 
35 MgSO*,and concentrated. The residue was purified on silica gel by eiuting with 2% methanol In chloroform 
to provide 23 mg (86%) of the desired compound. Mass spectrum: (M + H)* - 795. 



Example 198 

40 



2.5-DK^Cb2»aianiny0amlno)^ t 4^lhydroxy-1 ,8-dlphenylhexane, 

46 

Using the procedure of Example 197 but replacing Cbz-isoleudne p-nHrophenyl ester with Cbz- 
aianinyioxy-sucdnimide provided the desired compound. Mass spectrum: (M ♦ H)* ■ 711. 



so Example 199 



2.5*DI-WCbZ'phenyialanlnyl)amino)-3 t 4Kjlhydroxy-1 ,6-diphenylhexane. 

56 

Using th procedure of Example 197 but replacing Cbz-isoleudne p-nltrophenyl ester with Cbz- 
phenylalanine p-nrtrophenyl ester provided the desired compound. Mass spectrum: (M + H)* ■ 863. 
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Example 200 



5 2>DtK^Cb2"teudnyl)amino)-3 t 4^ihydroxy-1 t 6-diphenylhexane. 



Using the procedure of Example 197 but replacing Cbz-isoleucine p-nitrophenyl ester with Cbz-teucine 
p-nitrophenyl ester provided the desired compound. Mass spectrum: (M ♦ H)* ■ 795. 

70 

Example 20*1 



16 

A. r>H(BenryloxycartX)nyl)methyl)-vaiine Methyl Ester. 



A solution of 2.12 g (12.8 mmol) of L-valine methyl ester hydrochloride, 2.0 ml (12.6 mmol) of benzyl 
20 bromoacetate, and 3.5 ml (31 mmol) of 4-methylmorphottne in 100 ml of dioxane was heated at reflux for 4 
h. After being allowed to cool, the solution was concentrated in vacuo and partitioned between ether and 
water. The organic layer was dried over MgSOi and concentrated in vacuo. Chromatography on si Oca gel 
using 20% ethyl acetate In hexane provided 0.77 g (22%) of the desired compound as a colorless oil (R, 
0.24, 20% ethyl acetate In hexane). 'H NMR i 0.95 (d, J ■ 7 Hz, 8 H), 1.96 (br, 1 H) t 1.98 (octet J « 7 Hz. 
25 1 H) ( 3.08 (d. J - 6 Hz. 1 H). 3.43 (AA\ 2 H), 3.71 (s. 3 H). 5.18 (s. 2 H). 7.38 (m. 5 H). 



B. r^Carboxymethyl)-vallne Methyl Ester. 

30 

The resultant compound of Example 201 A (0.7 g, 2.5 mmol) was hydrogenolyzed according to the 
procedure of Example to provide 0.49 g (100%) of the desired compound as a white solid. 



» C. rH(((4^thyl)piperaziny1)carbon^^ Methyl Ester. 



Using the carbodiirnide coupling procedure of Example , the resultant compound of Example 201 B 
(468 mg, 2.46 mmol) was coupled to 1-methytmorphoJIne to provide, after chromatography on silica gel 
40 using 5% methanol in chloroform, 0.61 g (91%) of the desired compound as a colorless oil. 



D. r^(((444etrryl)piperazinyl)carbon 

45 

A solution of 059 g (2£ mmoT) of the resultant compound of Example 201 0 In 16 ml of dioxane was 
treated with 8.7 ml (4.4 mmol) of 0.5M aqueous lithium hydroxide. The resulting solution was stirred at 
ambient temperature for 16 h, treated with 4.4 ml of 1M aqueous HC1, and concentrated in vacuo to provide 
the crude desired compound. 

60 

E 1 ,5-Olphenyh3^ydiwy-2KrHCte^ 

pentane. 

55 

The resultant compound of Example 2010 (80 mg, 0.21 mmoT) was coupled to the resultant compound 
of Example 69 (89 mg. 0.18 mmol) according to the procedure described In Example 55 to provide, after 
silica gel chromatography using 6% methanol in chloroform, the desired compound (R| 0.16. 75% methanol 
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in chloroform) as a white solid, m.p. 74-78* C. Mass spedjum: (M ♦ H)* - 743. 

Anal. CaJcd. for C4aH* a N«<V0.5HaO: C ( 67.09; H. 7.91; N, 11.18. Found: C. 67.18; H. 7.86; N, 10.87. 



Example 202 



A. Methyl 3»<4-MorphoUnyl)propanoate. 



A solution of 4 J ml (58 mmol) of morphollne in 50 mi of dlchloromethane was treated dropwlse with 5.0 
ml (58 mmol) of methyl aery late. The resulting solution was allowed to stand at ambient temperature for 3 
days, after which it was concentrated In vacuo to an oil. Chromatography on silica gel using 0.5% 
methanol/2% isopropytamine In chloroform provided 9.54 g (99%) of the desired compound as a colorless 
liquid. 



B. 3-(4-Morpholinyl)propanoic Acid. 



A solution of the resultant compound of Example 202A (8.35 g, 4&3 mmol) In 60 ml of dioxane was 
treated with 40 ml of water and 19.3 ml (58 mmol) of 3N aqueous NaOH. After being stirred for 4 h, th 
solution was treated with 58 ml (58 mmol) of 1N aqueous HCJ and concentrated in vacuo to provide th 
crude desired compound. 



C. (2S.3R t 4R.5S)-3 ( 4-Dlhydroxy~2,5<lKh^ ,6-diphenylhexane. 



The resultant compound of Example 202B (0.84 mmol) was coupled to the resultant compound of 
Example 173 (0-214 mmoi) according to the procedure described in Example 55 to provide, after silica gel 
chromatography using 5% methanol In chloroform, 101.5 mg (81%) of the desired compound (R f 0.17, 10% 
methanol in chloroform) as a white sold, m.p. 243-245* C (dec). Mass spectrum: (M + H)* ■ 781. 
Anal. Calcd. for C* a H«4N«0t*Hi0: C, 83.14; H, 833; N, 10.52. Found: C, 83.20; H, 8.16; N. 11.21. 



Example 203 



(2S4R4a5S><^4-0(hydrt^^ 



3-Pyridytacetk: add hydrochloride (117 mg, 0.88 mmoi) was coupled to the resultant compound of 
Example 173 (1 13 mg, 0.226 mmol) according to the procedure described in Example 55 to provide, after 
siBca gel chrom ato graphy using 10% methanol in chloroform, the desired compound (R< 0.16, 10% 
methanol In chloroform). Mass spectrum: (M ♦ H)* ■ 737. 



Example 204 



(2S,3S.43,5S)- and (2S,3R,4S,5S)-Z5-Dlamlno-3 l 4Kllhydroxy>1 t &Kjlphenylhexane. 



Using the procedure of Example 171 with the more mobile mixture of compounds of Example 170B 
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provided a mixture of diamines which were separated by silica gel chromatography using 2% 
isopropyiamine in chloroform containing sequential amounts of 1%. 2% and 5% methanol. 
(2S,3S.4S,SS)-2,5>Diamino-3.4Klihydroxy-1 t 6-dipheny[hexane : R, 0.40 (5% methanol/2% isopropyiamine in 
chloroform). ! H NMR (CDCIj) < 2.63 (dd, J ■ 14, 11 Hz. 2 H), 2.85 (dd. J - 14, 4 Hz. 2 H). 3.60 (dt, J * 
11, 4 Hz. 2 H). 3.92 (d, J - 3 Hz. 2 H). 72-7.4 (m. 10 H). 

(2S, 3R,4S.5S)-2.S»DiamlnO'3.4"dihydroxy*1,6Kliphenylhexane : R f 023 (5% methanol/2% isopropyiamine in 
chloroform), m.p. 115-119 C. 'H NMR (CDCIj) * 2.46 (dd. J ■ 14, 9 Hz, 1 H), 2.61 (dd. J « 14, 11 H2, 1 
H) ( 3.02 (td. J » 9. 3 Hz, 1 H), 3.19 (dd, J • 14, 4 Hz, 1 H), 3.35-3.4 (m. 2 H), 3.51 (L J » 9 Hz, 1 H), 3.76 
(dd, J - 9, 3 Hz. 1 H). 72-7.4 (m, 10 H). 



Example 205 



(2S,3S.4S,5Sh2.5-ra-W(t-butytoxy)^^ 



A solution of 15 mg (0.05 mmol) of (2S,3S,4S,5S)-2,5Kliamino-3,4-dihydroxy1.6-diphenylhexane in 0.5 
ml of dichloromethane was treated with 24 mg (0.11 mmol) of di-t-butykJicarbonate and stirred at ambient 
temperature. After 16 h, the solution was concentrated in vacuo, and the residue was purified by silica g I 
chromatography using 30% ethyl acetate in hexane to provide 17 mg (68%) of the desired compound, m.p. 
216-218* C. 'H NMR I 1.40 (s. 18 H). 237 (dd, J - 14. 5 Hz, 2 H), 320 (dd. J - 14. 5 H2. 2 H). 322 (m, 2 
H), 4.03 (m, 2 H). 4.35 (d, J * 5 Hz, 2 H), 4.41 (d, J ■ 9 Hz, 2 H), 72-7.3 (m. 10 H). Mass spectrum: (M ♦ 
H)* « 501. 



Example 206 



(2S,3R,4S3S)-2.S-DKN-((t-butyloxy)car^ 



Using the procedure of Example 205 with (2S3S.4S^S)-2,5-diamino-3,4-dihydroxy-1,6-diphenyihexane 
provided the desired compound (Rf 032, 30% ethyl acetate in hexane), as a white solid. m.p. 208-212* C. 
1 H NMR I 133 (a, 9 H), 1.40 (a, 9 H), 237 (m, 1 H), 2.75-235 (m. 6 H), 3.47 (m, 2 H). 4.14 (m, 2 H). 4.58 
(m, 1 H), 433 (br d. 1 H), 433 (br d, 1 H), 7.15-73 (m. 10 H). 



Example 207 



(233R4R^)-2>OHrH(4^orpho^ 



The resultant compound of Example 189B (233 mg, 0.18 mmol) was coupled to 232 mg (0.077 mmol) 
of the resultant compound of Example 171 using the carbodlimide coupling procedure described in 
Example 55 to provide, after siBca gel chromatography using 5% methanol in chloroform, the desired 
compound (R< 0.4, 10% methanol In chloroform) as a white solid, m.p. 172-177* C, in 55% yield. Mass 
spectrum: (M ♦ H)* ■ 555. 

Anal. Cated for C«rU a NUO« •O^H 2 0: C, 63.92; H, 7.69; N. 9.93. Found: C. 64.10; H. 7.58; N. 937. 



Example 208 
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(2$,3R.4q5S)-2,frDHr^(2^yrtdinyl)carto^ ,8-dlphenylhexan . 

Picolinlc acid was coupled to the resultant compound of Example 171 using the carbodiimide coupling 
procedure described in Example 55 to provide, after chromatography on silica gel using 5% methanol in 
chloroform, 58 mg (60%) of the desired compound (R, 0.6, 10% methanol In chloroform) as a white solid, 
m.p. 179-184* C. Mass spectrum: (M + H)* ■ 511. 

Anal. CaJcd for C™HaoN4O4*0.5H a O: C. 89.35; H, 6.01; N, 10.78. Found: C, 69.15; H. 5.93; N. 10.53. 



Example 209 



(2S,3R.4S.5S)-2 t 5-r^r4^Cb*^annyl)^ 



Using the procedure of Example 172B with 25 mg (0.083 mmol) of (2S4R.4$,5S)-2.5-dlamino-3.4- 
dlhydroxy-1 ,6-diphenylhexane provided the desired compound (31%, R f 0.3, 5% methanol in chloroform) as 
a white solid, m.p. 230-234* C. Mass spectrum: (M ♦ H)* « 767. 



Example 210 



(2S,3S.4S,5S)-2,5-OKr^Cbz-vannyl)am^ 



Cbz-vaiine p-nltrophenyi ester was coupled to (2S t 3S l 4S,5S>-2.5-diamino-3,4-<jihydroxyl,&-dIphenyl- 
hexane using the procedure of Example 172B to provide the desired compound (Ri 0.42, 5% methanol in 
chloroform) as a white solid, m.p. 239-242* C in 86 % yield. 



Example 21 1 



(2SaR,4R5Sh2^0HfHfr^toxy) 



A mixture of 180 mg (036 mmol) of (2S,3a4R,5S)-2,5-<^H(t-buty^ 
1,6-dlphenylheocane and 180 mg of 5% rhodium on carbon In 50 ml of metfwoJ was shaken und r 4 
atmospheres cf hydrogen for 24 h. The resulting mixture was filtered and concentrated In vacuo. The 
residue was purified by si Boa gel chromatography using 5% ethyl acetate in hexane to provide 120 mg 
(65%) of the desired compound (Rf 0.35. 30% ethyl acetate in hexane) as a white solid, m.p. 224-226* C. 
Mass spectrum: (M ♦ H)* ■ 513. 

Anal CaJcd for fesHsaNaOc: C, 65.68; H, 10.22; N, 5.46. Found: C, 65.27; H, 10.16; N, 5.40. 



Example 212 



(2S,33,4R,5S)-5-AmlrK>-2H^(frbu^ 



A solution of 200 mg (0.67 mmol) of (2S,3S,4R,5S)-2 f 5KJiamino-3,4-dihyclroxy1 ,6-diphenylhexane in 10 
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ml of dtehloromethane was treated with 174 mg (0.8 mmol) of dM-butyldlcarbonat , After being allowed to 
stir overnight at ambient temperature, the solution was concentrated, and the residue was purified by silica 
gel chromatography using 10% methanol in chloroform to provide 180 mg (56%) of the desired compound 
along with 80 mg (20%) of the resultant compound of Example 206. 

5 

Example 213 



10 

(2S,3S,4R,5S)-2^N^(t-Butylc^)cartx>ny^ 



The resultant compound of Example 212 was coupled to Cbz-vaJIne using the carbodiimide coupling 
15 procedure of Example 55 to provide the desired compound (R f 0.48, 5% methanol In chloroform) as a white 
solid. m.p. 178-182* C, In 68% yield. Mass spectrum: (M + H)* - 634. 

Anal. Gated for C3*H47NjO7 # 0.5H 2 O: C, 67.27; H. 7.53; N, 6.54. Found: C, 87.18; H ( 7.45: N. 6.7,1. 



20 Example 214 



A. N.N-Dlmethytvallne. 



A mixture of 25 g of l«vafine, 0 JS g of 10% palladium on carbon, In 83 ml of methanol and 7 ml of 
formalin was shaken under 4 atmospheres of hydrogen. After 24 h, the solution was filtered and 
concentrated in vacuo to provide the crude desired compound. 

yo 

B. (2S,3R ( 4R.5S)-2.5-BtsHN-(N,^ t 6-dlphenylhexane. 

is The resultant compound of Example 214A was coupled to the resultant compound of Example -171 
using the carbodiimide coupling procedure of Example 55 to provide the desired compound (20%, R f 0.3, 
10% methanol in chloroform) as a white solid, m.p. 200-204* C. Mass spectrum: (M + H)* ■ 555. 



40 Example 215 



A. r4K(2>Pyridinyl)methoxycarbonyl>^ne p-Nftrophenyt Ester. 

49 ~" 

A solution of 0J7 mmol of the resultant compound of Example 176A and 133 mg (0.96 mmol) of p- 
nftrophenoJ In 4 ml of tetrahydrofuran and 2 ml of dimethyfformamlde was treated with 183 mg (036 mmol) 
cf N-ethyi-N'-{dlmethylamInopropyi) carbodflmlde hydrochloride and stirred at ambient temperature. After 4 
so h, the solvent was removed In vacuo, and the residue was partially purified by since gel chromatography 
using 20% ethyl acetate In chloroform to give 0.34 mg of the desired compound contaminated with excess 
p"ftftrophenot. 



ss B. (28,3R,4R,5S)»2,5-DHN^(2^yridnyl^ . 



A solution of 230 mg of the crude resultant compound of Example 21 5A and 70 mg (023 mmol) of the 
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resultant compound of Example 171 In 1 ml of 1:1 tetrahydrofurarv'dimethytformamide was stirred at 
ambient temperature for 18 h. The resulting solution was treated with aqueous NaHCOj. stirred for 1 h, 
diluted with 5% methanol In chloroform, washed with aqueous NaHCOj until the washes were colorless, 
dried over NaaSOi, and concentrated. Chromatography on silica gel using 2% methanol in chloroform 
s followed by 5% methanol In chloroform provided 140.8 mg (80%) of the desired compound <R ( 0.32. 10% - 
methanol in chloroform) as a white solid, m.p. 198-200* C. Mass spectrum: (M + H)* ■ 769. 
Anal. Calcd for C* a H 5 aN«Oi: C, 85.81; H, 8.82; N, 10.93. Found: C. 65.68; H, 6.93; N, 10.95. 



io Example 216 



(2S.3S t 4S,SS)-2,5-DHI^(2-pyTldlnyl)^ . 
1$ — — — ^ 

Using the procedure of Example 21 5B but replacing the resultant compound of Example 171 with 
(2SJS.4S,5Sh2,5Kjiamino-3 l 4^ydroxy-1 t 8Kiiphenylhexane provided, after silica gel chromatography using 
a gradient of 2-5% methanol in chloroform, the desired compound (R, 0.32, 5% methanol in chloroform) as 
20 a white solid, m.p. 220-223* C, In 78% yield. Mass spectrum: (M ♦ H)* « 769. 

Anal. Calcd for CiaHsaN«Oi '0.5HaO: C, 64.85; H, 6.87; N, 10.80. Found: C, 84.69; H, 8.84; N, 10.63. 



Example 217 

28 



(2S,3R.4S,SS)-2.S-OHI^fr^dlny1)c^ 



Using the procedure of Example 21 5B but replacing the resultant compound of Example 171 with 
(2S ( 3R,4S f 5S)-2,5^lamino-3,4^hydnwy-1,8-diphenylhexane provided, after silica gel chromatography us- 
ing a gradient of 2-5% methanol In chloroform, the desired compound (Rt 0-23. 5% methanol in chloroform) 
as a white solid, m.p. 238-240* C, In 82% yield. Mass spectrum: (M ♦ H)* ■ 769. 
36 Anal. Calcd for C*aHsaNtOa '0.25^0: C. 85-23; H, 8.84; N, 10.87. Found: C. 65.01; H, 8.89; N, 10.92. 



Example 218 

40 

A. 2KN-<t»ButytaxycarbonyJ)amtno 



45 A solution of 21.2 g (97 mmoQ of <fl-t-butyicflcarbonat» in 200 ml of dichloromethane was cooled to 0' C 
and treated in portions with 10 ml (97 mmoi) of 2-<amlnomethy1)pyridine. After being aJ lowed to warm to 
ambient temperature and stirred overnight the resulting solution was diluted with 100 ml of dich- 
loromethane, washed with three 100 ml portions of water, dried over NaaSOi, and concentrated in vacuo to 
provide 19.8 g (98%) of the desired compound (R« 0.28, 5% methanol In chloroform). 'H NMR (CCDU) * 

so 1.47 (s. 9 H), 4.45 (d, J ■ 6 Hz, 2 H), 5.58 (br, 1 H), 7.18 (m. 1 H). 7.28 (d 9 J ■ 8 Hz, 1 H), 7.66 (td. J * 7, 
2 Hz, 1 H), 853 (m, 1 H). 



B. 2K(NKt-SutytaxycarbonylV^eft 

50 " 

A solution of 193 g (95 mmof) of the resultant compound of Example 21 8A in anhydrous 
tetrahydrofuran was cooled under Hz atmosphere to 0*C and treated with 4.95 g (124 mmol) of sodium 
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hydride (60% dispersion in oil). The solution was stirred for 15 min f treated dropwise with 7.1 ml (114 
rnmol) of methyl Iodide, stirred at ambient t mperatur for 2 h, and quenched cautioosJy with water. The 
resulting mixture was partitioned between ether and water, dried over Na 2 SO*. and concentrated. 
Chromatography on silica gel provided 14.9 g (70%) of the desired compound as a color! ss oil. 

5 

C. 2-(N-methylamino)methyl)pyridlne Dlhydrochloride. 



10 The resultant compound of Example 21 8B (3.05 g, 13.7 rnmol) was treated with 30 ml of 4N HCI in 
dioxane and heated at 40* C for 0.5 h. The solvent was removed in vacuo to provide the crude desired 
compound as a light brown solid. 



is D. NK(^Me^rM2-pyridinyl)methyl)amiro Methyl Ester. 

A mixture of 1.61 g (72 rnmol) of the resultant compound of Example 21 8C and 1.14 g (72 rnmol) of 
the resultant compound of Example 160 A in 40 ml of dichloromethane was treated with 2 ml (18 rnmol) of 

» 4-methylmorpholine. After being stirred for 2 h. the solution was partitioned between dichloromethane and 
water, dried over NasSO*. and concentrated. Chromatography on silica gel using 2% methanol in 
chloroform provided 1.94 g (96%) of the desired compound (R, 0.32, 5% methanol in chloroform) as a 
colorless oil. 'H NMR (CCOIa) * 0J3 (d. J « 7 Hz, 3 H) # 0.97 (d. J - 7 Hz, 3 H). 2.16 (m, 1 H). 3.03 (s. 3 
H), 3.72 (s, 3 H), 4.43 (dd, J » 8. 5 Hz, 1 H), 4.55 (s. 2 H), 8.15 (br, 1 H), 7.22 (dd. J * 8. 6 Hz, 1 H), 7.28 

as (d, J ■ 6 Hz, 1 H), 7.69 (brt 1 H), 8-55 (d, J ■ 5 Hz, 1 H). 



E. N-((N-Methyl-l^(2-pyrtdnyl)me^ p-Nftrophenyl Ester. 

so 

Using the procedures of Example 178A and Example 21 5A but replacing the resultant compound of 
Example 162A with the resultant compound of Example 2180 provided the desired compound. 



sF. (2S,3R,4R,5S)-2.5-OH^(N-Metrft/^ j. 

dlphenylhexane. 



Using the procedure of Example 2158 but replacing the resultant compound of Example 215A with the 
40 resultant compound of Example 218E provided, after silica gel chromatography using a gradient of 2-5% 
methanol in chloroform, the desired compound (R, 028, 5% methanol in chloroform) as a white solid, m.p. 
108-111* C, In 85% yield. Mass spectrum: (M ♦ H) # « 795. 

AnaL Calcd tor C*4H«N,O i # 1^5H 3 0: C. 64.65; H, 7.46; N, 13.71. Found: C, 64.35; H, 7.06: N. 13.58. 

49 

Example 219 



so (2S t 3S t 4S,5S)-2.S-r><N-{(H-Mefr^ (6 . 

dipnenylhexane. 



Using the procedure of Example 21 5B but replacing the resultant compound of Example 21 5A with the 
ss resultant compound of Example 21 8E and replacing the resultant compound of Example 171 with 
(2S.3S.4S.5Sh2,5^amino-3,4^mydroxy^3^ipheriylhexane provided, after silica gel chromatography using 
a gradient of 1-5% methanol in chloroform, the desired compound (R, 0.38, 5% methanol in chloroform) as 
a white solid, mj>. 110-112*0, in 75% yield. Mass spectrum: (M + H)* ■ 795. 
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Anal. Calcd for C*4H 5I N«05*H20: C. 85.00; H, 7.44; N, 13.78. Found: C. 64.61; H ( 721; N, 13.80. 

Example 220 



(2S.3R.4S.5S)-2.5-DKr^(I^Methyl-r4-((2^ 

diphenylhexane. 

70 

Using the procedure of Example 21 SB but replacing the resultant compound of Example 21 5A with the 
resultant compound of Example 21 8E and replacing the resultant compound of Example 171 with 
(2S t 3R t 4S,5Sh2 t Wiamino-3»4-dihydroxy-1,6-diphenylhexane provided, after silica gel chromatography us- 
rs Ing a gradient of 1-2% methanol in chloroform, the desired compound (Ri 0.36, 5% methanol in chloroform) 
as a white solid, m.p. 159-162* C, in 79% yield. Mass spectrum: (M + H)* »795. 
Anal. Calcd for C^HsiNcOt: C, 66.48; H, 7.35; N, 14.09. Found: C, 68.31; H, 7.43; N, 13.95. ' 



Example 221 



2.4-Dl^N^(N-Methyfc^(2^yridlny^ ,S-dfpheny^3»hydroxypentane. 



26 



The resultant compound of Example 2180 was hydroryzed according to the procedure of Example 
176A and coupled to the resultant compound of Example 12 according to the cartodiimide coupling 
procedure described in Example 55 to provide, after silica gel chromatography using 3% methan I in 
so chloroform, the desired compound (53%, R< 0.5, 10% methanol in chloroform) as a white solid, m.p. 70- 
72* C. Mass spectrum: (M + H)* ■ 765. 



38 



Example 222 



(2S.3R,4R.5Sh2.fH)H^((2^yr1dlnyl)carb^ 



Rcollnlc acid was coupled to the resultant compound of Example 173 using the carbodtlmida coupling 
procedure dee cr lbed In Example 55 to provide after slSca gel chromatography using a gradient of 5-10% 
methanol In chloroform, the deetred compound (Re 0.16, 10% methanol in chloroform) as a white solid. rn.p. 
167-171 * C, In 61% yield. Mast spectrum: (M ♦ H)* ■ 709* 

AnaL Calcd for CuHuNtOc: C. 67.78; H. 633; N, 11.88. Found: C. 6731; H, 6.59; N, 11.78. 



Example 223 



60 



A. 3«{3-Pyrtdlnyl)propanolc Acid 

56 A mixture of 3 g (20 mmoQ of 3-<3-pyridlnyf)acrylic add and 0.3 g of 10% palladium on carbon in 150 
ml of ethyl acetate was shaken under 4 atmospheres of hydrogen for 24 h. After filtration, the resulting 
solution was concentrated In vacuo to provide the desired compound. 
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8. (2S f 3R,4R,SS)-2.S»OH*H3K3^^ ,6-diphenylhexan . 

Hi resultant compound of Example 223A was coupled to the resultant compound of Example 173 
s using the carbodiimide coupling procedure described in Example 55 to provide after silica gel chromatog- 
raphy using a gradient of 5-10% methanol In chloroform, the desired compound (R ( 0.1, 10% methanol in 
chloroform) as a white solid, m.p. 260-263 'C, In 37% yield. Mass spectrum: (M + H)* * 765. 



io Example 224 



(2S.3R,4R.5S)-3.4-Dlhydroxy-2.5-tiHNHN»(2-pyridyte^ 



(2-Pyridyl)acetJc acid was coupled to the resultant compound of Example 173 using the carbodiimide 
coupling procedure described in Example 55 to provide after silica gel chromatography using a gradient of 
2-5% methanol In chloroform, the desired compound (41%, R, 021, 5% methanol in chloroform) as a white 
20 solid, m.p. 208-213*0. Mass spectrum: (M + H)* » 737. 



Example 225 



A. ^(4>Pyr1dlnyl)methoxycarbonyl)-vafine p-Nttrophenyl Ester. 



oo Using the procedures of Example 176A and Example 215A but replacing the resultant compound of 
Example 162A with the resultant compound of Example 160B provided the desired compound. 



B. (2S.3R.4R5Sh2,5-DHNK(4-j>yTkfin^ ,6-diphenylhexane. 



Using the procedure of Example 215B but replacing the resultant compound of Example 215A with the 
resultant compound of Example 225A provided, after silica gel chromatography using a gradient of 2-5% 
methanol In chloroform, the desired compound (R< 0.11, 10% methanol in Chloroform) as a white solid, m.p. 
40 221-224*0 In 48% vie*. Mass spectrum: (M ♦ H)* - 760. 

AnaL Caicd for CoHuNsOt '0.5830: C. 64.85; H. 6.67; N, 1030. Found: C, 64.81; H. 6.81; N, 10.80. 



Example 229 

46 



(2S,3R,4S,SS)-2^-OHfHt-tuty^ 



A solution of 30 mg (0.1 mmol) of <2S,3R,4S,5Sh2,5KflamirK>3.4«fihyd^ in 1 ml 

of dichloromethane was treated with 25 ul (0.22 mmol) of t-butylisocyanate. The resulting solution was 
stirred at ambient temperature, diluted with dichloromethane. washed with brine, dried over Na^SOi. and 
concentrated in vacua Silica gel chromatography using a gradient of 1-3% methanol in chloroform provided 
65 40 mg (98%) of the desired compound (Rf 0.4, 10% methanol in chloroform) as a white solid, m.p. 193- 
196* C. Mass spectrum: (M ♦ H)* ■ 499. 

Anal. Calcd for C^sHiaNiOi'HjO: C, 65.09; H, 8.58; N, 10.84. Found: C, 85.17; H, 8.21; N, 10.77. 
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Example 227. 



(2S,3R.4S,5S)-2.5 DKN^sopropylaminocartx^ 



Using the procedure of Example 226 but replacing t-butylisocyanate with isopropyllsocyanate provided 
the desired compound (Ri 0.24, 10% methanol in chloroform) as a white solid, m.p. 220-222 * 0, in 81% 
yield. Mass spectrum: (M + H)* ■ 471. 

Anal. CaJcd for Cj$H,iN*04 '0-25^0: C, 65.73; H, 6.17; N, 11.79. 



Example 228 



(2S,3S,4S,5S)-2>DH^(4^yrldlnyl)meth^ 



Using the procedure of Example 21 5B but replacing the resultant compound of Example 21 5A with the 
resultant compound of Example 225A and replacing the resultant compound of Example 171 with 
(2S3S,4S,5S>-2.5^anMno^,4-dJ hydroxy- 1 ,6-dJphenylhexane provided, after silica gel chromatography using 
a gradient of 2-5% methanol In chloroform, the desired compound^ (35%, R< 0-25, 10% methanol in 
chloroform) as a white solid, m.p. 100-193* C. Mass spectrum: (M ♦ H)* ■ 789. 



Example 229 



A N^(3-^yridlnyi)methoxycartoonyl>-vailne p-Nttrophenyl Ester. 



Using the procedure* of Example 176A and Example 215A but replacing the resultant compound of 
Example 162A with the resultant compound of Example 161A provided the desired compound. 



B. (2S^,4S,5Sh2,5-r><r^(3j>yr^ ,8-dlphenylhexane. 



Using tte procedm of Example 215B but replacing the resultant compound of Example 215A with the 
resultant co mp o u nd of Example 229A and replacing the resuttfent compound of Example 171 with 
(283S.4S^h2>cflamlno^4^hydroxy-1 ,6-diphecylhexane provided, after silica gel chromatography using 
a gradient of 5-10% methanol In chloroform, the desired compound (Rf 031, 10% methanol in chloroform) 
aa a white solid, m.p. 202*207* C. Mass spectrum: (M * H)* ■ 769. 



Example 230 



(2S^R,4S t 5S)-2>flKN^(3-pyTkfl^ 



Using the procedure of Example 21 5B but replacing the resultant compound of Example 21 5A with the 
resultant compound of Example 229A and replacing the resultant compound of Example 171 with 
(2SJR,4S,5S)-2,5^amir^,4<[ihydroxy*1,6-diphenylhexane provided, after silica gel chromatography us- 
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ing a gradient of 2-5% methanol in chloroform, the desired compound (31%, R f 0.28. 10% m thanol in 
chloroform) as a white solid, m.p. 212-218*0. Maes spectrum: (M + H)* * 769. 



Example 231 



(2S,3S,4R,5S)-2-<l*((t-Butyloxy)cart^ 
'0 dihydroxy-1 ,6-diphenylhexane. "™ 



Using the procedure of Example 21 58 but replacing the resultant compound of Example 171 with th 
resultant compound of Example 212 provided, after silica gel chromatography using a gradient of 0-2% 
75 methanol in chloroform, the desired compound (R< 0.57, 5% methanol in chloroform) as a white solid, m.p. 
202-204* C, In 61% yield. Mass spectrum: (M + H)* -.635. 



Example 232 

TO 



(2S,3S,4R£S)-2-Amrno-5-(N-<(3-^^ 

28 

The resultant compound of Example 231 (200 mg, 0.31 mmol) was treated with 20 ml of 4N HCI in 
dioxane. After being stirred at ambient temperature for 2 h, the solvent was removed in vacuo. The residue 
was partitioned between chloroform and aqueous NaHCOj, dried over NasSOi, and concentrated. Silica gel 
chromatography using a gradient of 2% methanol/2% isopropylamine in chloroform provided 40 mg (84%) 
30 of the desired compound. 



Example 233 



(2S.3S.4a5S)-2-(l*Sucdnytam^ 

diphenylhexaneT 

40 

A solution erf 50 mg (043 mmof) of the resultant compound of Example 232 in 0£ ml of dich- 
loromethane was treated with 9.3 mg (0.93 mmol) of succinic anhydride. The resulting mixture was stirred 
overnight at ambient temperature and concentrated In vacuo to a solid which was washed with chloroform. 
The solvent wee decanted to provide the desired compound (R< 031, 1:1:1:1 ethyl acetata/n- 
45 butanoitoater/acetic acid) as a white solid. Mass spectrum: (M + H)* ■ 635. 



so 



Example 234 



A. FHChlorosulfonyfl-vaflne Methyl Ester. 



A suspension of 15.3 g. (90 mmol) of l-vaflne methyl ester hydrochloride In 45 ml of acetonitrile was 
treated with 22 ml (270 mmoO of sutfuryi chloride and heated at reflux for 18 h. The resulting light yellow 
solution was allowed to cool and conce n tra te d In vacuo to a viscous oil. The oil was treated two times with 
acetonitrile followed each time by concentration In vacuo. The crude desired product was thus obtained as 
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a viscous oil. 



B, l^(^^Mathy^^4»((2^pyridlnyl)methy^)amino)sutfonyl>valin Methyl Ester. 



A mixture of 13.7 mmol of the resultant compound of Example 21 8C and 3.17 g (13.7 mmol) of th 
resultant compound of Example 234A in 100 ml of dlchforomethane was cooled to 0* C and treated with 6 
ml of 4-methylmorpholine. The resulting solution stirred for 2 h. diluted with dichloromethane, washed with 
to aqueous NaHCOi, dried over NaaSO*. and concentrated In vacuo. Chromatography on silica gel using 30% 
ethyl acetate in chloroform provided 1.72 g (40%) of the desired compound as a colorless oil. 'H NMR 
(CCDI*. major rotamer) a 0.95 (d f J ■ 7 Hz, 3 H), 1 .03 (d, J ■ 7 Hz, 3 H). 2.12 (m, i H), 2.79 (s, 3 H), 3.76 
(s. 3 H), 3.95 (dd. J » 8. 4 Hz. 1 H).4.54 <AA, 2 H). 6.40 (d. J - 8 Hz, 1 H), 7.26 (m, 1 H), 7.35 (d, 6 Hz. 1 
H), 7.71 (br 1 1 H), 8.59 (d. J - 4 Hz, 1 H). Mass spectrin: (M ♦ H) # « 316. 



C. N^(r^MethyKNK(2^yridinyl)methyl)amino)sulfonyl)-valine. 



so A solution of 200 mg (0.63 mmol) of the resultant compound of Example 234B in 2.5 ml of dioxane was 
treated with 2.5 ml of O^M^UOH. After being stirred overnight at ambient temperature, the solution was 
concentrated in vacuo at 30*0. diluted with dioxane and water, neutralized with 1M HCI, and concentrated 
in vacuo to provide the crude desired compound. 

as 

D. (2S.3R,4R,5Sh2.5-r>{NK(l*Me% 

dlphenylhexane. 

30 The resultant compound of Example 234C was coupled to the resultant compound of Example 171 
using the ca/fcodilmide coupling procedure of Example 55 to provide, after siDca gel chromatography using 
2% methanol In chloroform, the desired compound (45%, R, 0.5, 10% methanol in chloroform) as a white 
solid, m.p. 85-69* C. Mass spectrum: (M + H)* « 887. 

AnaL Calcd for CiaHstNaOiSa'HaO: c, 57.00; H, 633; N. 12.66. Found: C t 56.78; H, 6.56; N, 12.45. 



Example 235 

40 

A. (4S>4-Bertfy^3K3^ethylbutarK>yl)oxazoHdir^2H>ne. 

Using the procedure of Example 100 A but replacing 4-(2-propyl>-oxazolldine-2-one with 4- 
46 benzytaxazoldine-2-one and replacing 4-methylpentanoyl chloride with isovaieryi chloride provided th 
desired compound. 



B. (4S.2SW2Kt-Buty1axycarbonyi)nw^ 
so * ~ 

Using the procedure of Example 100B with the resultant compound of Example 235A provided, after 
silica gel chromatography using 15% ethyl acetate in hexane followed by dichloromethane, the desired 
compound (R« 0.35, 20% ethyl acetate in hexane) in 88% yield. 

C. Benzyl (2S)-2^-Butyloxycarbonyl)methyM^ethylbutanoate. 
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Using the procedure of Example 100C with the resultant compound of Example 235B provided, after 
silica gel chromatography using 6% ethyl acetate in hexarie. the desired compound (R, 0.43, 10% ethyl 
acetate in hexane) in 60% yield. 



D. Benzyl (2S)»2-Cartoxymethyt-4-methylbutanoate. 



Using the procedure of Example 100D wtth the resultant compound of Example 235C provided the 
desired compound as a crude colorless oil. 



£ Benzyl (2S)-2^((N^thyl-hH(2^dnyl)methyl^ 



The resultant compound of Example 235D was coupled to the resultant compound of Example 21 8C 
using the mixed anhydride coupling method described in Example 6F to provide, after silica gel Chromatog- 
raphy using 60% ethyl acetate in chloroform, the desired compound (R f 0.19. 60% ethyl acetate in 
chloroform) in 73% yield. 



F. (2Sh2^((N-MemyfcrH(2^yTkflnyl)me^^ Acid. 



The resultant compound of Example 235E was hydrogenoryzed according to the procedure described 
in Example 71 C to provide the desired compound. 



Q. (2S3R.4R5S,2' S.2*8)-23-DH2^(N^ethyH^(2^^ 

butanoyiamlno>-3,4«dihydroxy*1 ,6^1iphenylhexainel 



The resultant compound of Example 235F was coupled to the resultant compound of Example 171 
using the carbodllmide coupling procedure of Example 55 to provide, after silica gel chromatography using 
5% methanol in chloroform, the desired compound in 42% yield, m.p. 169-170* C. Mass spectrum: (M + 
H)* « 793. 

AnaL Cated for C^HBoNtCVOJHaO: C, 6839; H, 737; N, 10.4a Found: C. 6a85; H, 730; N. 10.18. 



Example 236 



Ethyl 3-{2-Pyridiny1)acry1ate. 



A suspension of 0.43 g (10.7 mmo!) of sodium hydride (60% dispersion in oil) In 60 ml of anhydrous 
tetrahydrofuran was cooled to 0*C and treated with 2.1 ml (103 mmol) of trlethylphosphonoacetate. The 
resulting solution was stirred for 10 min. treated with 1.0 ml (10.5 mmol) of pyridine-2-carboxaidehyd . 
heated at reflux for 2 h, and stirred overnight at ambient temperature. The resulting mixture was partitioned 
between ether and aqueous ammonium chloride, washed sequentially with water and saturated brine, dried 
over MgSQ*, and concentrated In vacua Chromatography on silica gel using 25% ethyl acetate in hexane 
provided 134 g (83%) of the desired compound as a colorless liquid. 1 H NMR (CDCb) 1 1.34 (t J « 7 Hz. 
3 H), 4.28 (q, J ■ 7 Hz, 2 H), 832 (d, J • 16 Hz, 1 H), 727 (ddd. J - 8, 5, 1 Hz, 1 H), 7.43 (d, J * 8 Hz. 
1 H), 7.72 (m. 1 H). 835 (m. 1 H). 



B. 3-(2-Pyridinyl)acrylic Add. 
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Th resultant compound of Exampl 236A was hydrolyzed according to th procedure of Example 176A 
to provide the desired compound. 



C. (2S.3R,4R.5S)-2.5-DHN-(3K2-pyri^ 



Using the procedures of Example 223A and Example 223B but replacing 3-(3-pyridinyl)acrylic acid with 
the resultant compound of Example 236B provided the desired compound. 



Example 237 



(2S,3R,4H.5SV2.5-OMN^3-(2-pyTldinyl)pro^ 



Using the procedures of Example 223A and Evvnple 223B but replacing 3-{3-pyridinyl)acrylic acid with 
3-<2-pyridinyl)acrylic add provided the desired compound (Rf 0.21, 10% methanol in chloroform). Mass 
spectrum: (M ♦ H)* ■ 765. 



Example 238 



2,4-DHNK(2^4-moiprK>flnyt)ethyloxv^ 



The resultant compound of Example 165B was coupled to the resultant compound of Example 12 using 
the carbodiimide coupling procedure of Example 160D to provide, after silica gel chromatography using 3% 
methanol in chloroform, the desired compound (R< 0.6, 10% methanol In chloroform) in 66% yield as a 
white solid, m.p. 122*123* C. Mass spectrum: (M + H)* - 783. 



Example 239 



2KBoc-valInyfc^iwH^(to^ 



Boc-vailne was coupled to the resultant compound of Example 69 using the carbodiimide coupling 
procedure of Example 55 to provide, after silica gel chromatography using 3% methanol In chloroform, the 
desired compound (82%. R« 0.7, 10% methanol in chloroform) as a white solid. m.p. 184-184* C. Mass 
spectrum: (M ♦ H)* ■ 703. 

Anal. Calcd for CioHsiNiCVO-SHaO: C, 67.49; H, 27.79; N, 7.87. Found: C. 67.79; H, 7.63; N, 7.91. 



Example 240 



4-<Cbz-vaiInyl-amino)-2-<vaflnyl-amino>'l ,5-dipheny^3-hydroxyperrtan . 
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Using the procedure of Exampl 12 with the resultant compound of Example 239 provided a crude 
hydrochloride salt which was partitioned between chloroform and aqueous NaHCOi, dried over Na 2 S04 t 
and concentrated. Chromatography of the residue on silica gel using 3% methanol in chloroform provided in 
89% yield th desired compound (R# 0.5, 10% methanol in chloroform) as a white solid, m.p. 126-127* C. 
Mass spectrum: (M ♦ H)* ■ 603. 

Anal. Calcd for C3 5 H*«N4(V1.5H 2 0: C, 66.75; H. 7.84; N, 8.90. Found: C. 66.88; H, 7.25; N. 8.79. 



Example 241 



A. ^H(2■Thiazolyl)methoxycart)onyl)^valine Methyl Ester. 



Using the procedure of Example 1608 but replacing pyridine-4-methanol with 2-{hydroxymethy!)thiazole 
(Dondonl, et aL Synthesis. 1967. 998; Tetrahedron Lett 1983. 24, 2901) provided. afteY* silica gel 
chromatography using 3% methanol in chloroform, the desired compound in 74% yield. Mass spectrum: (M 
* H)* »273. 



B. 2.4-DKN-((2-thiazolyl)methoxycarbonyl)-vafinyl-amino)>1 ,5-dipheny l-3-hydroxypentane. 



The resultant compound of Example 241 A was hydrolyzed according to the procedure of Example 178 A 
and coupled to the resultant compound of Example 12 according to the carbodiimide coupling procedure of 
Example 55 to provide, after silica gel chromatography using 3% methanol in chloroform, the desired 
compound (72%, 0.7, 10% methanol in chloroform) as a white solid, m.p. 92-83* C. Mass spectrum: (M 
+ H)* -751. 

Anal. Calcd for Cj7H4«N«07S: C. 59.18; H, 6.18; N, 11.20. Found: C, 60.42; H, 6.51; N, 10.61. 



Example 242 



4-(Cto-vaiinyl-aminoh2-W(2-<1 -imidazoryl)acetyf>vaJlnyl-amino)-1 ,SKliphenyl-3-hydroxypentane. 



The resultant compound of Example 190B was coupled to the resultant compound of Example 240 
using the cartxx&mide coupling procedure of Example 55 to provide, after silica gel chromatography using 
3% methanol in chloroform, the desired compound (70%. R f 0.3, 10% methanol in chloroform.) Mass 
spectrum: (M » H)* «711. 



Example 243 



4-<Cbz-vaflny l-amlno^rH^I -nvypholinyOacetylhyalinyl-aminohl ,5-dipheny 1-3-hydroxypentane. 



The resultant compound of Example 189B was coupled to the resultant compound of Example 240 
using the carbodiimide coupling procedure of Example 55 to provide, after siBca gel chromatography using 
3% methanol In chloroform, the desired compound (67%, Rf 0.5, 10% methanol in chloroform). Mass 
spectrum: (M + H)* «730. 
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Example 244. 



5 4^Cb2-vallnyl-amino)-2-<r^(fH(3-pyri^^ ,5-diph nyl-3- 

hydroxy pentane. 

A solution of 3^aminomethyI)pyridine (12 ul, 0.11 mmol) in 0.5 ml of nitromethane was cooled to -20 ' C 
to and treated with 0.23 ml (0.12 mmol) of a 0.5 M solution of carbonyl bis(N-methyl)imidazole triflate 
(Rappoport et al., J. Am. Gfte/n. Soc. 1989, 111. 6856) in nitromethane. After 30 min, the solution was 
treated with a solution of 50 mg (0.08 mmol) of the resultant compound of Example 240 in 1.0 ml of 
dimethy tformamide and 26 uL (0.24 mmol) of 4-methylmorphollne. The resulting solution was stirred at 0 * C 
for 1 h, concentrated In vacuo, partitioned between chloroform and aqueous NaHCOj, dried over Na 3 SOi. 
is and concentrated. The residue was purified by silica gel chromatography using 3% methanol in chloroform 
to provide 40 mg (65 %) of the desired compound (Rf 0.4, 10% methanol in chloroform) as * white solid, 
m.p. 205-206* C. Mass spectrum: (M + H) # «737. 

20 Example 245 



2>DK^(4^yr1dlnyl)cartonyO^ 

Using the procedure of Example 163A but replacing nicotinyl chloride hydrochloride with isonicotinyl 
chloride hydrochloride and replacing valine benzyl ester p-toiuenesuffonate with the resultant compound of 
Example 140 provided, after silica gel chromatography using 5% methanol In chloroform, the desired 
compound (90%, R t 0.3, 10% methanol in chloroform) as a white solid, m.p. 256-258*0. Mass spectrum: 
(M ♦ H)* -679. 

Example 246 



Z4-f>f^(3'pyTki1ny1)proparK^ ,5-diphenyh3-hydroxypentane. 



40 



so 



The resultant compound of Example 223A was coupled to the resultant compound of Example 140 
using the carbodiimide coupling procedure described in Example 55 to provide after silica gel chromatog- 
raphy using 3% methanol In chloroform, the desired compound (75%, Rf 0.2. 10% methanol in chloroform) 
as a white soQd, 234-235* C. Mass spectrum: (M ♦ H)* «735. 



Example 247 



(2S,3R,4R f 5S)-2 f 5-r><N^(3^yTidlny^^ 



Using the procedure of Example 160D, the resultant compound of Example 161 B was coupled to th 
as resultant compound of Example 171 to provide, after silica gel chromatography using 5% methanol in 
chloroform, the desired compound (Rf 025, 10% methanol in chloroform) as a white solid, m.p. 207-208* C, 
in 32% yield. Mass spectrum: (M ♦ H)* ■ 769. 

Anal. Calcd for CoHuN^OtM^SHaO: C, 63.74; H ( 6.94; N, 10.62. Found: C. 63.70; H, 6.70; N. 10.54. 
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$2S.3R.4S,5S)-2.5-DHNH(2-(4-morp^ 

The resultant Compound of Example 165B was coupled to the resultant compound of Example 171 
using the carbodiimide coupling procedure of Example 160D to provide, after silica gel chromatography 
10 using 5% methanol in chloroform, the desired compound (R< 0-21, 10% methanol in chloroform) as a white 
solid. m.p. 227-230* C (dec) in 47% yield. Mass spectrum: (M ♦ H)* » 813. 

Anal. Calcd for C4jH«4N«Oio # 1.25H 2 0: C. 60.38; H, 8.02; N, 10.06. Found: C. 60.21: H. 7.78: N, 10.43. 
rs Example 249 



(2S,3S.4R.5Sh2-{^(t-Butytoxy)<art)onyl)am^^ 
20 dihydroxy-1 ,6-dipheny)hexane. 

Using the procedure of Example 1600. the resultant compound of Example 1616 was coupled to the 
resultant compound of Example 212 to provide, after silica gel chromatography using 3% methanol in 
25 chloroform, the desired compound (R< 0.21, 5% methanol in chloroform) as a white solid, m.p. 175-178* C. 
in 66% yield. Mass spectrum: (M + H) # - 635. 

Anal. Caicd for C«H4«N*O2*0.75HjO: C. 64.85; H. 7.38; N. &64. Found: C. 64.61; H. 7.16: N, 8.80. 



so Example 250 



Bla-(2-(N»{Cta-vaIinyl)amirw 

The resultant compound of Example 1558 was deprotected according to the procedure of Example 12 
and coupled to Cbx-veJlne according to the procedure of Example 55. The crude mixture was diluted with 
ethyl acetate, washed sequentially with aqueous citric acid, water, aqueous NaHCOa. and water. The solid 
In the organic layer was Uttered, washed wtth ethyl acetate, and air-dried to a fine white powder. m.p. 259- 
260* C (dec) (07% yield). Mass spectrum: (M ♦ H)* ■ 799. 

Anal. Caicd tor CiiHtiNiOtS^HaO: C. 64.89; H, 6.91; N, 636. Found: C. 64.42; H, 6J3; N, 7.51. 



Example 251 



(2S,3a4S,5S)-2>OH^(^ethyV^ 
so diphenylhexane. 

The resultant compound of Example 234C was coupled to (2S,3R,4S,5S)-2>diamino-3.4-dlhydroxy-1.6- 
dlphenythexane using the carbodiimide coupling procedure of Example 55 to provide, after silica gel 
65 chromatography, the desired compound (Rf 0.65, 10% methanol in chloroform) as a white solid, m.p. 91- 
93* C. Mass spectrum: (M ♦ H)* ■ 867. 

Anal. Caicd for C4 2 HsiN»OiSa*H 3 0: C, 57.00; H, 6.83; N, 12.66. Found: C. 6726; H, 8.30; N, 4.98. 
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Example 252 



(2S.3S,4S,5S)-2>DHrH(^«thyK^ 

" diphenylhexane. 



The resultant compound of Example 234C wee coupled to (2S v 33.4S t 5S)-2.&-dlamino-3 > 4-dihydroxy-l.6- 
diphenylhexane using the carbodllmlde coupling procedure of Example 55 to provide, after silica gel 
chromatography, the desired compound (Rf 0.54, 10% methanol in chloroform) as a white solid, m.p. 75* 
77* C. Mass spectrum: (M ♦ H)* » 867. 



Example 253 



(2S.3S t 4S t 5S^'S£*S)-2.5-r^(24iydroxy- 



L-2-Hydroxy-3-methy (valeric add was coupled to the resultant compound of Example 171 using the 
diimide coupling procedure described in Example 55 to provide the desired compound (Rf 0.23, 10% 
methanol In chloroform) as a white solid, m.p. 226*230* C. 

Anal. Calcd for &om 4 N a Ot. # 0.5HiO: C. 67.01; H. 8.44; N. 5.21. Found: C. 67.26; N, 8.30; N, 4.98. 



Example 254 



2-(N-<((1 ■Methyl)plper1dlr^3'yr)methoxycartaony ,5-diphenyl-3- 

hydroxypentane. 



Using the procedures of Example 165 but replacing 4-{2-hydroxyethyl)morpholine with 3- 
(hydroxymethyihl-methytplperidine provided the desired compound (R f 0.30, 10% methanol in chloroform) 
as a white solid, m.p. 162*163. Mass spectrum: (M ♦ H)* « 758. 

Anal. Calcd for CoHstNfCVO.SHaO: C, 67.34; H, 738; N, 9.13. Found: C, 67.40; H, 8.03; N, 8.69. 



Example 255 



££H((1^etW 

hydroxypentane. 



Using the procedures of Example 165 but replacing 4-{2-hydroxyethyl)morpholine with 2- 
(hydroxymethy 1)-1 -methylpiperidne provided the desired compound (Rf 0.40, 10% methanol in chloroform) 
as a white solid, m.p. 160-161. Mass spectrum: (M ♦ H)* ■ 758. 

Anal. Caicd for CnHiiNiOy *O5Hi0: C, 87.34; H, 738; N, 9.13. Found: C, 67.15; H, 7.77; N, 831. 



Example 256 
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2>DKN-((2-<1 nmidazoly Dacety IWaiiny t-aminoH ,5-dipheny l-3-hydroxypentane. 



Using the procedure of Example 190C but replacing the resultant compound of Example 173 with the 
resultant compound of Example 140 provided the desired compound as a white solid, m.p. >260. Mass 
spectrum: (M + H)* ■ 685. 

Anal. Calcd for CayhUiNiOi^hbO: C, 61.65; H, 7.27; N t 15.54. Found: C, 60.47; H. 6.70; N. 15.30. 



Example 257 



A, 2>(t-Butyloxycaroonyl)methyl»3-methylbutano«c Add. 



The resultant compound of Example 235B was hydroyzed according to the procedure of Example 60 
except that excess 30% hydrogen peroxide was included in the reaction mixture to provide the crud 
desired compound. 



B. (2S.3S.4R.5Sh2^r^2^t-Butytoxyc*rbom/l)me 

methoxycart»nylhvaliny^aminoh3 t 4KJihydroxy-l t 6Kjiphenylhexane. 



The resultant compound of Example 257A was coupled to the resultant compound of Example 232 
using the caroodiimide coupling procedure of Example 55 to provide, after si Oca gel chromatography using 
a gradient of 1-5% methanol in chloroform, the desired compound in 22% yield. 



B. (2S,3S,4R5Sh2-(NK2^^rtaxyrr^y 

amino K3,4-dihydroxy-1 ,6-diphenylhexane Trifluoroacetate Salt 



The resultant compound of Example 257B (45 mg) was treated with 1.5 ml of 2:1 
dlchloromethana/trifluoroacetfc acid. After 4 h at ambient temperature, the solution was concentrated in 
vacuo to provide 28 mg (55%) of the desired compound as an off-white solid, m.p. 208-210* C. 



Example 258 



2.4-f><N-<3-<2^dlnyf)p^ 



Using the procedures of Example 223A and Example 223B but replacing 3-<3-pyridinyl)acrylic acid with 
3-(2-pyrkflnyl)acTyBc add and replacing the resultant compound of Example 173 with the resultant 
compound of Example 140 provided, after silica gel chromatography using 3% methanol in chloroform, the 
desired compound ^(35%, * 0.8, 10% methanol ih chloroform) as a white solid, m.p. 216-218* C. Mass 
spectrum: (M + H)* *735 



Example 259 



2.4-DHN-((N-ber^lamirxa)<a^ ,5-diphenyl-3-hydroxypentan . 
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Using the procedure of Example 228 but replacing (2S,3R.4S,5S)-2 f 5-diamino-3,4-dihydroxy.l,6- 
diphenylhexane with the resultant compound of Example 140 and replacing t-butylisocyanat with ben- 
zyllsocyanate provided, after silica gel chromatography using 3% methanol in chloroform, the desired 
compound (64%, R, 0.7, 10% methanol in chloroform) as a white solid, m.p. 238-238.5* C. Mass spectrum: 
(M ♦ H)* -735 



Example 260 



2>PH^W(2-pyridlnyl)methyl)amino)carfaony 



A solution of 34 mg of thphosgene in 2 ml of tetrahydrofuran was cooled under N 3 atmosphere to 
-78 "C and treated over a period of 2 min with a precooled (-78 *C) solution of 80 mg of the resultant 
compound of Example 140 and 40 ul of 4-methylmorphollne in 1 ml of tetrahydrofuran. After 30 min, the 
solution was treated with a solution of 37 mg of 2-(amlnomethyl)pyrldlne and 40 ul of 4-methylmorpholine in 
1 ml of tetrahydrofuran. The resulting solution was allowed to warm to -10 # C over a 2 hour period, after 
which It was concentrated in vacuo. Silica gel chromatography of the residue using a gradient of 3% 
methanol In chloroform-4.5% methanol/4.5% Isopropylamine In chloroform provided 80 mg (64%) of th 
desired compound (R f 0.46, 4.5% methanol/4% Isopropylamine in chloroform) as a white solid, m.p. 198- 
199* C. Mass spectrum: (M ♦ H)* - 737. 



Example 261 



2 t 4-DHN-((hH(3^yridinyl)meft 



Using the procedure of Example 260 but replacing 2-<amlnomethyl)pyrtdlne with 3-<aminomethyl)- 
pyridine provided, after silica gel chromatography using a gradient of 3% methanol in chloroform-4.5% 
methanol/4.5% isopropylamine In chloroform a 60% yield of the desired compound (R ( 03, 4.5% 
methanol/4% isopropylamine In chloroform) as a white solid, m.p. 238-239* C. Mass spectrum: (M + H)* = 
737. 

AnaL Calcd for CoHwNcCVHaO: C, 66.62; H, 721; N. 11.13. Found: C, 67.07; H, 6.98; N, 11.12. 



Example 262 



(2S,3S.4S t 5SyS2'S)-2.S-DHgK(methox^ 

diphenylhexane. 



Using the procedure of Example 253 but replacing L*2-hydroxy-3-methytvaler1c add with L-2-(- 
(methoxy)-methoxy) -3-methytvalertc add provided, after silica gel chromatography using 20% ethyl acetate 
in hexane, the desired compound (88%, R« 0.18, 20% ethyl acetate in hexane) as a" white solid, m.p. 190- 
194* C. Mass spectrum: (M + H)* « 617. 



Example 263 
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Using the procedures described in detail In Example 181, and replacing Boc-L-cyclohexylaJaninaJ witti 
Bool-leutinai provided the desired compound. Mass spectrum: M* ■ 238. 



Example 264 



3.6*BisKCb2^0nyl*amino)'2.6Kllmethy^S^ydroxy^.4^ifluort)nonane. 



Using the procedure described in Example 182. the product from Example 263 was ccupted to Cbz-VaJ 
to give the desired compound (56%). Mass spectrum: (M + H)* - 70S. 1 H NMR (CDCI 9 ) £0.82 (m, 12H), 
3.90 (m. 1H), 4.02 (m. 1H). 4.30 (m ( 1H). 4.55 (m f 1HJ t 5.02 (s. 4H). 530 (br d. 1H). 7.20 (br d. 1H). 7.35 (m. 
10H), 7.70 (brd. 1H). 



Example 285 



3.6-BlsKCb2*vaIlny>'aminoh2 t B^dimethyl'5^x>4 t 4Klifluorononane. 



Using the procedure described in Example 183. the product from Example 264 was oxidized to provide 
the desired product (93%). Mass spectrum: (M + H)* • 703. 'H NMR (CDCU): 50.8 (m. 1.1 2H). 3.90 (m. 
1H), 4.02 (m, 1H), 4.65 (m, 1H), 4.80 (m. 1H), 5.05 (s, 4H). 7is (m. 12H), 7.95 (br d, 1H). 8.42 (br d. 1H). 



Example 286 



A. 2-Oxa20 lidinooe derivative of Ethyl 4(S)^irx>-5-phenyi-22Kflfluon>»3(R)^droxypentanoate. 



Using the procedure deec rib ed In Examples 1 81 A and 181 B but replacing Boc-L-cycJohexytalaninaJ with 
phenylalanine! provided the desired product Mass spectrum: M* ■ 299. 

B. 4(S)Benzy^5(RH3 > (3 # 3 , «difluoro»2'-oxo-1 '-phenyt-propyl))-2-oxa2oHdinone. 



The hydrolysis of the resultant compound of Example 266A by lithium hydroxide in aqueous dioxane 
provided the corresporxSng add, which was condensed with N t O-dlmethyl-hydroxylamine with EDAC to 
give the corresponding amkje. The amide was dissolved In THF and reacted with 3 equivalents of 
benzylmagnesium chloride to give the desired compound (88%). Mass spectrum: M* ■ 345. 'H NMR 
(COQa) S2JBZ (dd. 1H), 33.0 (dd. 1H), 4.07 (m, 2H), 4.15 (m, 1H). 4.70 (m. 1H), 7.15-7.38 (m. 10H). 



C. 2,5-Oiamino-1 ,6^pheny^3 t 3Kllfluoro^ydroxyhexane. 



Using the resultant compound from Example 266B and the procedures described in Example 1810. 
181 E, and 181F provided the desired compound. Mass spectrum: M* - 320. 
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Example 267 

5 2>BlsKCb2-vaiinyfcaminoH,6^lphenyl^ 

Using the resultant compound from Example 266C and the procedure described in Example 182, trie 
desired product was obtained in 70% yield. Mass spectrum: (M + H)* ■ 787. 'H NMR (CDCb) $0.60-0.80 
to (m, 12H), 5.02 (s. 4H), 6.05 (br d. 1H), 6.95, 1H), 7.10-7.35 (m. 10H), 7.50 (br d. 1H), 7.95 (br d. 1H). 

Example 268 



75 



29 



30 



2.5-Bis-(2-pyridyl-methoxycarbonyl-vaH^^ 

Using the resultant compound from Example 266C and the procedure described in Example 182, but 
replacing Cbz-VaJ with 2-pyridinyl-methoxycarbonyl-valine provided the desired compound in 74% yield. 
(M + H)* • 789. 'H NMR (CDCI«) W.60-0.75 (m, 12H), 1.75 (m. 1H). 1.88 (m t 1H), 3.80 (m. 2H). 4.62 (m, 
JH), 4.80 (m t 1H) ( 5.08 (s, 2H), 5.10 (s, 2H) ( 6.10 (br d, 1H), 7.05-7.40 (m, 15H), 7.50 (br d. 1H), 7.80 (m, 
2H), 8.0 (br d. 1H), 8.52 (m, 2H). 

Example 269 



5K2-Fyridinyl^etrK3xyqrtxxty^ 

Using the resultant compound from Example 268C and reacting with the p-nrtrophenyl ester of 2- 
pyridinyknetru^carbonyWailne In DMF provided the desired compound in 69% yield. Mass spectrum: 
(M*H)* - 555. 'H NMR (COCb) *030<d, .38), 1.0 (d, 3H) f 2.15 (m t 1H), 2.45(m. 1H), 2.80-3.20 (m, 4H), 
3.82 (m, 1H), 4.05 (m, 1H), 438 (m, 1H), 5.27 (s, 2H), 5.50 (br d, 1H), 6.50 (br d, 1H), 7.10-7.40 (m. 12H), 
7.70 (m, 1H). aeo (d, 1H). 



Example 270 



fr(fcButytac^amlno)r5^2<ry^ 

Reaction c* the resultant com pound from Example 269 with t-butylacetyi chloride In dichloromethane 
and 1.1 equivalent of triethytamine provided the desired compound in 77% yield. Mass spectrum: (M *H)" 
so ■ 853. 'H NMR (CDCIi): *030 (s, 9H), 032 (d. 3H), 033 (d, 3H), 133 (q, 2H). 2.12 (m, 1H), 2.7O-3.20 (m, 
4H), 330 (m, 1H), 335 (m, 1H), 435 (m, 1H), 430 (m, 1H), 5.20 (S.-2H). 535 (br d, 1H), 6.50 (br d. 1H), 
7.10-735 (m. 13H), 7.70 (m, 1 H), 830 (br d, 1 H). 

« Example 271 
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2^r*Propylsutfonylamiroh5-(2-pyridinyl-^^ 



Reaction of the resultant compound from Example 269 and 1 equivalent of propane-sulfonyl chloride 
5 and 1.1 equivalent of triethytamine provided the desired product in 65% yield. Mass spectrum: (M + H)~ ■ 
661, 'H NMR (CDCb) SQM (d. 3H). 0.88 (m, 2H), 0.95 (d, 3H), 1.10 (t 3H), 2.0 (m. 3H), 2.40 <m, 2H). 2.85- 
3.15 (m, 4H) ( 3.30 (m. 1H), 3.50 (m. 1H). 3.95 (m, 1H), 4.90 (m. 1H), 525 (m, 3H), 6.12 (br d. 1H), 720 <m, 
12H), 7.70 (m. 1H), 8.60 (m, 1H). 

70 

Example 272 



76 A, 4<S)-Ben2yl-5(RH3'(3\3'^ifliKyo-2'-hydfwy-1 '-phenyl-propyl)-2-oxazolidinone. 



To a solution of 1 gm of the resultant compound from Example 266B in 20 ml of dry THF was added 
two equivalents of DIBAH in toluene at -78* C. After 1 hr t the reaction was quenched by careful addition of 
20 water. The reaction mixture was acidified with 1N HCI and extracted with EtOAc (3x5 mi), washed with 
satd. brine and dried with anhy. NajSOi. Concentration and purification by SiOa column chromatography 
(20% EtOAc/CHjCIa) provided 850 mg of pure product Mass spectrum: M* » 347. *H NMR (CDCb): 52.05 
(d. 1H), 2.80-3.10 (m. 4H), 4.20 (m. 1H), 4.30 (m, 1H), 4.70 (m, 1H). 5.0 (br s, 1H), 7.30 <m, 10H). 

25 

B. 5-Ben2ytaxycarbonylamino-3.3-drnuoro-2.4-dmydroxy-l ,6-dlphenylhexane. 



To a solution of 100 mg of the resultant compound from Example 272A In 5 ml of dioxane and 5 mi of 
oo water was added 226 mg of barium hydroxide octahydrate. After reMuxing for 3 hr and cooled to RT, th 
solution was filtered and concentrated in In vacua The crude material was dissolved in CH2CI2 and 1.2 
equivalent of Cbz-NOS was added and the mixture was stirred at RT overnight Concentration and 
purification by SiOj column chromatography (20% EtOAc/CHaCb) provided 120 mg of product Mass 
spectrum: M* ■ 439. 



Example 273 



40 

5-Cto^rry<"amino>3 t 3KllfhK^2,4<nhydroxy«^ ,6-dlphenylhexane. 



The resultant compound from Example 272B was deprotected by hydrogenolysis (Pd/C, H 2 ) and 
46 coupled to Cbi-VaK)H using the procedure described in Example 182 to provide the desired product 
(72%), Mass spectrum: (M + H)* « 539. *H NMR (CDCt 3 ): 50.75 (d, 3H), 0.88 (d, 3H), 2.15 (m. 1H). 2.70- 
3.05 (m, 4H), 338 (m, 1H). 4.CM20 (m ( 2H). 4.40 (m, 1H), 4.50 (m. 1H), 5.05 (s, 2H) t 5.10 (d. 1H). 6.46 (br 
d.1H), 7.30 (m,15H). 

so 

Example 274 



55 5-Cbz-vainyl-amino-3>difluoro-1 t 6^lphenyM-hydroxy-2-oxo-haxane. 



Oxidation of the resultant compound from Example 273 with sodium dichromate in acetic acid provided 
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10 



20 



the desired product 'H NMR (CDCla): W.8 (d f 3H), 0.9 (d. 3H), 2.0 (m. 1H). 2.80 (m, 1H), 3.26 (m. 1H). 3.90 
(m. 1H), 4.0 (br s. 3H), 5.0 (br s. 3H). 6-20 (br s. 1H). 725. (m. 15H). 



Example 275 



A. 4<ShBenzyt-5(RH3V.3'^fluoro-2'-meftanesulfonylo^ 



To a solution of 250 mg of the resultant product from Example 272A in 5 ml of CH 3 CI 2 was added 
0.136 ml of triethy (amine and 0.065 ul of methanesutfonyl chloride. After 2 hr at RT the mixture was poured 
into satd. brine and extracted with CH a Oa (3 x 30 ml), dried and concentrated. SlOa column chromatog- 
75 raphy (10% EtOAc/CH a Cb) provided 203 mg of product 'H NMR (CDCb): 52.32 (s, 3H), 2.80-3.30 (m, 4H), 
427 (m, 1H), 4.72 (m. 1H), 5.02 (br s 1H), 525 (m, 1H), 7.30 (m. 10H). 



B. 4(S)-Benry(-5(RH3 > (3 / ,3''<jifluoro-1 '-phenyl-trans-propeny l)-2-oxazoiidinone. 



To a solution of 200 mg of the resultant product from Example 275A in 10 ml of toluene as added 2 
equivalent of DBU. After refkcdng for 2 hr, cooled to RT the crude product was purified by SIO* column 
chromatography to provide 77 mg of product *H NMR (CDCIj): 42.80-3.05 (m t 2H), 4.15 (m. 1H), 4.50 (m, 
25 1 H), 5,1 0 (br s, 1 H), 620 (m, 1 H), 7.05 (m, 1 H), 7.30 (m, 1 0H). 

C. 4<S)-Benxyl-5(RH3'(3' ,3'-dffluoro-1 '-phenyl-propyl)-2-oxazolldlnone. 

30 

The resultant compound from Example 275B was dissolved In 2 ml of methanol and stirred under 
hydrogen with 10% Pd/C as catalyst After 15 minutes, filtration and concentration provided the desired 
product (100%). 1 H NMR (CDCh): 8230 (m, 2H), 2.80-3.00 (m, 4H). 420 (m, 1H) ( 4.32 (m f 1H), 7.30 (m. 
10H). 

38 

D. 5-Beruytaxycarbonyi-vannyl-am^^ 

40 Opening of the oxazofidtoone ring of the resultant compound from Example 275C with barium hydroxide 
and coupling to Cbz-VaWX using the procedure of Example 182 provided the desired product (70%). 'H 
NMR (COCU): 80.80 (d. 3H), 0^0 (d. 3H), 2.10 (m t 3H>, 2.70 (m. 2H). 3.0 (m, 2H), 3.70 (m, 2H). 3.95 <m f 
1H), 4.30 (m. 1H), 5.10 (br a, 2H), 5.15 (br d. 1H), 6.45 (br d. 1H), 7.10-7.40 (m. 15H). 

48 

Example 276 



50 5-Benzytoxycarbonyt-vaflny>-aminO'3.3^if!uoro-1 ,8-<Jlphenyt-4-oxo-hexane. 

Oxidation of the resultant compound from Example 275D using sodium dichromate In acetic acid 
provided the desired compound (70%). 'H NMR (CDCb): 80.82 (d. 3H), 0.90 (d, 3H), 2.05 (m, 1H), 2.35 (m, 
55 2H), 2^0 (t 2H). £90 (m, 1H) t 3.30 (m, 1H), 3.90 (m, 1H), 5.10 (s, 2H), 5.12 (br d, 1H), 5.30 (m, 1H). 6.10 
(brd. 1H), 7.10-7 .35 (m, 15H). 
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Example 277 



5^bz^aKnyl-amino»3,3^ifluoro^ 



To a solution of the resultant compound from Example 273 in CHjCb was added 2 equivalents of 
triethytamine and 1.5 equivalents of isovaieryt chloride. After 2 hr at RT, the mixture was poured into dil. 
HCI, extraction with EtOAc (3 x 50 ml), washed with satd. NAHCOs and brine, dried and concentrated. 
Purification by SiCb column chromatography (10% EtOAc/CHjCb) provided the desired product 



Example 278 



5^z^aliny1-amino-3>difluorO'^ydroxy»1.6^1pheny 



To a solution of the resultant compound from Example 273 in CHaCh was added 1.5 equivalent of 
isopropytisocyanate and excess DMAP. The solution was stirred at RT overnight The reaction mixture was 
poured into dil. HO and extracted with EtOAc (3 x 50 ml), washed with brine, dried and concentrated. 
Purification by SiOa column chromatography (15% EtOAe/ChbCb) provided the desired product 



Example 279 



5*Cb2«vaBnyl-amino^.3Kjlfluoro^hydroxy'1 .B-diphenyl-2-methoxy-hexane. 



To the resultant compound of Example 272A was added 12 eq. of sodium hydride in DMF at 0* C, 
followed by the addition of methyl kxfide. After 2 h at RT, cone, and purified the product by silica gel 
column chromatography. The resultant product was hydroryzed with barium hydroxide to open th 
oxazoiidlnone ring and coupled to Cbz-VaK)H using the procedure described In Example 182. to give the 
desired product 



Example 280 



&Cte^ny1>amino-3 t 3-drfluon>4K)xo-1 ,fr<tiphenyl-2-methoxy-hexane. 



The resultant compound of Example 279 was oxidized with Na^CrjO? in acetic acid to provide the 
desired product 



Example 281 



A. N, N-Bls-(Cto-vannylH2R, 3R, 4a 5RH ,64)is^2'^yridyttrtto)-2,5Kl^ 
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A mixture of 171 uL (1.23 mmol) of triethylamine. 137mg (123 mmol) of 2-mercaptopyridine and 200 
mg (0308 mmol) of the resultant compound of Example 196A in 1.0 mL of dry DMF was stirred at ambient 
temperature overnight Th reaction mixture was concentrated under reduced pressure. The residue was 
purified by flash chromatography on a 1.5 X 42 cm silica gel column eluted with 50% ethyl acetate in 
5 hexane to give 211 mg (78.8% yield) of the title compound; FAB MS M/Z: 873 (M + H)\ The 300 MHz 1 H 
NMR spectrum was consistent with the assigned structure. 



B. N,N-8is-(Cb*-valinylH2R, 3R t 4R. SR)-1 t 6>bi3(2'>pyridytthio)-2,5-diamino-3,4>hexanediol. 
10 ~ 

A solution of 200 mg (023 mmol) of the resultant compound of Example 281 A in 7.0 mL of methanol 
containing 1 mL of 0.1 N aqueous - hydrochloric add was stirred at 40 'C overnight The solvent was 
evaporated under reduced pressure. The residue was dissolved In methylene chloride/methanol and the 
75 resultant solution was washed with aqueous sodium bicarbonate solution and brine, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure to give the title compound as a white 
powder; FAB MS M/Z: 833 (M + H)\ The 300 MHz *H NMR spectrum was consistent with the assigned 
structure. Analysis calculated for C4aH» a N«0iS*: C, 60.58; H, 6-29; N, 10.10. Found: C. 60.15; H, 6.29; N, 
9.97. 



Example 282 



25 

A, N f N-Bls-(Cbz-vallnylH2a 3R, 4ft, 5Rh1,8^)ls-((1 > Hnethy^2''lmda20yl)thlo)-2,S-diamino-3 t 4-0- 

isopropylidenehexanedioT 



so To a solution of 198 mg (1.72 mmol) of 2-mercapto-1 -methyflmidazoie and 280 mg (0.431 mmol) of the 
resultant compound of Example 196A In 1.5 mL of dry DMF was added 240 uL (1.72 mmol) of 
triethylamine. The resultant solution stirred at ambient temperature overnight The reaction mixture was 
concentrated under reduced pressure. The residue was purified by flash chromatography on a 1.5 X 35 cm 
silica gel column eluted wtth 10% Isopropyl alcohol in toluene to give 287 mg (81% yield) of the title 

95 compound; FAB MS M/Z: 879 (M + H)\ The 300 MHz 'H NMR spectrum was consistent with the assigned 
structure. 



B; N,N-Bia-(Cbz-valtnylH2R. 3R» 4ft, 5RV1,8^^(1 f ^ethyK2'^dazoyl)thio)-Z5^amlno-3,44>exanediol 

40 

A solution of 280 mg (0.32 mmol) of the resultant compound of Example 282A In 7.0 mL of methanol 
containing 0.1 mL of concentrated aqueous hydrochloric add was stirred at 40* C for 40 h. The solvent was 
evaporated under reduced pressure and methanol was added to the residue. The methanol was evaporated 
49 and the residue was treated with aqueous sodium bicarbonate solution. The precipitate which formed was 
filtered to give 148 mg of the title compound; FAB MS M/Z: 839 (M + H)\ 881 (M + Na)*. 'H NMR (dt- 
DMSO) I 0.79 (d, 6H) t 034 (d. 6H), 2.00 (m, 2H), 3.12 (d. 4H), 3.50 (s, 6H), 3.97 (dd, 2H), 4.08 (br dd, 2H), 
5.0 (q. 4H), 5.44 (br m, 2H), 639 (d, 2H), 7.19 (d. 2H), 7.23 (d, 2H) t 7.34 (m, 6H), 7.70 (d, 2H). 

50 

Example 283 



fc N, N*Bis-<Cb2-valinyfH2R, 3R ( 4R, 5RH ,S^s^2'^yrimidnytthto)-2^ 



A mixture of 185 uL (1.335 mmol) of triethylamine, 150 mg (1.335 mmol) of 2-mercaptopyrimidine 
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{commercially available from AJdrich Chemical Co.) and 217 mg (0.333 mmol) of the resultant compound of 
Example 196A in 2.0 mL of dry DMF was stirred at ambient temperature overnight The reaction mixture 
was concentrated under reduced pressure. The residue was purified by flash chromatography on a 1 .5 X 35 
cm silica gel column luted with 10% isopropyl alcohol in toluen to give 219 mg (75% yield) of the title 
compound; FAB MS M/Z: 875 (M + H)\ The 300 MHz NMR spectrum was consistent with the assigned 
structur . Analysis calculated for CoHs^NtOiSj: C, 58.04; H t 6.18; N, 12.81. Found: C. 58.69; H. 6.20; N. 
12.61. 



B. N,N-Bis-(Cbz-vafinylH2R, 3R. 4R, 5R)-1.6^)is(2 / 'Pyrimidinylthio>-2.5-diamirK>-3,4*heyanediol 



A solution of the resultant compound of Example 283A (205 mg. 0.234 mmol) in 10.0 mL of methanol 
containing 0.10 mL of concentrated aqueous hydrochloric acid was stirred at 40* C for 7.5 h. The reaction 
mixture was stirred for approximately 64 h at ambient temperature. Additional methanolic hydrochloric acid 
(5 mL) was added and the reaction mixture was then stirred for 8 h at 40* C. The solvent was evaporated 
under reduced pressure and methanol was added to the residue. The methanol was evaporated. The 
residue was dissolved in chloroform and the resultant solution was washed with aqueous sodium bicar- 
bonate solution and brine, dried over anhydrous magnesium sulfate, filtered and concentrated under 
reduced pressure to give 198 mg of the crude product The crude product was purified by flash 
chromatography on a 1 .5 X 37 cm silica gel column eluted with 5% methanol in methylene chloride to give 
28 mg (14% yield) of the title compound; FAB MS M/Z: 635 (M + H)\ The 300 MHz NMR spectrum was 
consistent with the assigned structure. Analysis calculated for CoHsjNgOtSj *HaO: C, 56.33; H. 8.10; N 
13.14. Found: C, 56.47; H, 5.88; N, 13.13. 



Example 284 



A. N. N-Bis-<Cb2-valinylH2R, 3R. 4R, 5RH.8^s^cyctohexy1thio)»£5^iamin^ 



A mixture of 190 uL (1.368 mmol) of triethylamine, 158 mg (1.23 mmol) of cydohexylmercaptan and 
222 mg (0.341 mmol) of the resultant compound of Example 196A In 3.0 mL of dry DMF was stirred at 
ambient temperature for 2 days. The reaction mixture was concentrated under reduced pressure. The 
residue was purified by flash chromatography on a 15 X 40 cm silica gel column eluted with 40% ethyl 
acetate in hexane to give 211 mg (7&6% yield) of the title compound; FAB MS M/Z; 883 (M + H)\ The 300 
MHz 'H NMR spectrum was consistent with the assigned structure. Analysis calculated for C47H71ISUO1S2: 
C, 63 .95; H, 7.04; N, 6.35. Found: C. 63 M; H, &00; N, 6.31. 



B. NJ^-eie-<Cbz-vaflriyfH2a 3R, 4R. 5Rh1,6^ls^cyctorwxyrthio)>2.5K3iamino>3>hexanediol 



A solution of the resultant compound of Example 284A (120 mg, 0.136 mmol) in 3.0 mL of 
trtftuoroacetic acid was cooled in in ice bath. To the cooled solution was added 3 mL of water and th 
solution was stirred for 5 h at 0* C. The solvent was evaporated under reduced pressure. The residue was 
purified by flash chromatography on a 1.0 X 37 cm slOca gel column eluted with 20% ethyl acetate in 
methylene chloride, followed by 40% ethyl acetate in methylene chloride to give the title compound; FAB 
MS M/Z: 843 (M*H)\ The 300 MHz 1 H NMR spectrum was consistent with the assigned structur . 
Analysis calculated for CitHwNtOtSa: C. 62-71; H. 7.84; N, 6.65. Found: C, 62.69; H. 734; N, 6.64. 



Example 285 
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A. N, N-Bls-(Cbz-va]1nylH2R. 3R, 4R, 5R)-1 t 6»bis-<4 ^yridylthio)-2,5^lamino-3,4*CMsopropylid8n9hexanedio< 



A mixture of 204 uL (1.47 mmol) of triethyiamlne, 163 mg (1.47 mmol) of 4-mercaptopyridine and 239 
5 mg (0.368 mmol) of the resultant compound of Example 196 A, in 2.0 mL of dry DMF was stirred at 5* C for 
1 h and at ambient temperature for 4 h. The reaction mixture was concentrated under reduced pressure. 
The residue was purified by flash chromatography on a 1.5 X 43 cm silica gel column eluted with 5% 
methanol in methylene chloride to give 220 mg (68.6% yield) of the title compound; FAB MS M/Z: 873 
(M*H)\ The 300 MH2 f H NMR spectrum was consistent with the assigned structure. Analysis calculated 
to for C^sHsiNcOiSj: C, 81.88; H, 6.53; N, 9.62. Found: C. 61.48; H, 6.35; N, 9.57. 



B. N,N-Bls-(Cb2-vailnylH2R. 3R, 4R SRH .6-bl»-(4' -pyridylthlo)-2,5-diamlno-3,i-hexanediol 

T5 

A solution of the resultant compound of Example 285 A, in 5.0 mL of methanol containing 40uL of 
concentrated aqueous hydrochloric acid was stirred at 40* C for 2 days. While the reaction mixture was 
stirring additional aliquots (totai 80 uL) of concentrated hydrochloric add were added. The reaction mixture 
was allowed to stir over the weekend at ambient temperature and then another drop of concentrated 

20 hydrochloric acid was added. After stirring for a total of 4.5 days the solvent was evaporated under reduced 
pressure. Methanol was added to the residue and evaporated off under reduced pressure. The residue was 
purified by flash chromatography on a 1.5 X 45 cm silica gel column eluted with 10% methanol in 
methylene chloride, followed by 20% methanol In methylene chloride . The material obtained from the 
column was treated with 10 mL of methanol containing 0.10 mL of concentrated aqueous hydrochloric add 

25 at 40* C for 5.5 h. The solvent was evaporated under reduced pressure. Methanol was added to the residue 
and evaporated off under reduced pressure/The residue was dissolved In methylene chloride/methano! and 
the resultant solution was washed with dilute aqueous sodium bicarbonate solution, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure to give 13 mg (6.2% yield) of th title 
compound; FAB MS M/Z: 833 (M + H)*. 1 H NMR (CD,OD) i 0.91 (d, 6H). 0.93 (d. 6H), 2.01 (m, 2H), 3.20 (br 

30 m, 4H). 3.90 (d. 2H), 4.27 (m, 2H), 4.77 (m. 2H), 5.1 1 (s, 4H) ( 7.2S-7.40 (m, 14H), 8.23 (d. 4H).. 



Example 286 

39 

A. N, N-Bls-(Cbz-vaflnylK2R, 3R, 4ft, 5Rh1,6^^4x^imio>>2,5^1amlno>3 t 4^sopropyiidenehexanediol 

40 A solution of 157 mg (1.74 mmol) of Hxrtylmercaptan and 283 mg (0.435 mmol) of the resultant 
compound of Example 196A In 2.0 mL of dry DMF was cooled In an ice bath. To the cooled solution added 
242 uL (1.74 mmoQ of triethyiamlne. The resultant solution was allowed to warm slowly to ambient 
temperature and It was stirred at ambient temperature overnight The reaction mixture was concentrated 
under reduced pressure. The residue was purified by flash chromatography on a 1.5 X 35 cm silica gel 

45 column eluted wtth 20% ethyl acetate In hexane, followed by 40% ethyl acetate in hexane to give 173 mg. 
(48% yield) of the title compound; FAB MS M/Z: 831 (M*H)\ The 300 MHz 'H NMR spectrum was 
consistent with the assigned structure. Analysis calculated for CoH«N40iSa: C. 62.17; H t 7.95; N. 6.74. 
Found: C, 6234; H. 8.02; N, 6.74. 

so 

B. N,N-Bls-<Cbz-vaJInylH2R. 3R, 4R 5R>-1 > 8^s^t>bu^lthto)-2 t 5-dlamlno>3,4-hexanedlol 



A solution of the resultant compound of Example 286B (173 mg, 0.208 mmol) In 3.0 mL of 
ss trtfluoroacetic add containing 0.4 mL of water was stirred at 0*C for 4.5 h. The solvent was evaporated 
under reduced pressure. The residue was purified by flash chromatography on a 1.5 X 39 cm silica gel 
column eluted with 50% ethyl acetate in hexane to give 78 mg (47.5% yi Id) of the title compound; FAB 
MS M/Z: 791 (M + H)\ The 300 MHz 1 H NMR spectrum was consistent wtth the assigned structure. 
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Analysis calculated for C4oHc 2 N*OiS 2 : C, 60.76; H, 7.85; W, 7.09. Found: C. 60.50; H. 7.93: N, 7.03. 



Example 287 

5 



A. N, N-Bis-<CbZ'valinylH2R. 3R t 4R, SRhl.e^lsMemytthioh^S^iamirK^S^OHSOpropylidenehexanediol 



A solution of 283 mg (0.435 mmol) of the resultant compound of Example 196A, in 2.0 ml of dry DMF 
was cooled in an ice bath. To the cooled solution was added 108 mg (1.74 mmol) of ethylmercaptan 
followed by 242 uL (1.74 mmol) of trietbylamlne. The resultant solution was stirred at 0* C for 4.5 h, allow d 
to warm slowly to ambient temperature and It was stirred at ambient temperature overnight. The reaction 
is mixture was concentrated under reduced pressure. The residue was purified by flash chromatography on a 
1.5 X 37 cm silica gel column eluted with 50% ethyl acetate in hexane to give 116 mg (34.5% 'yield) of the 
title compound; FAB MS M/Z: 775 (M + H)\ The 300 MHz *H NMR spectrum was consistent with the 
assigned structure. Analysis calculated for C«H5iN«OtSa: C, 60.46; H t 7.49; N, 7-24. Found: C. 60-24; H. 
7.33; N, 7.16. 

20 

B. N.N-Bis-<Cbz-valinylH2R. 3R, 4R, 5R>1.6>bls-(ethylthio)-2,5-diamino-3.4>hexanediol 



» A solution of the resultant compound of Example 287A (1 16 mg. 0.15 mmol) in 3.0 mL of trifluoroacetic 
acid containing 0.3 mL of water was stirred at 0'C for 2.5 ru The solvent was evaporated under reduced 
pressure. The residue was purified by flash chromatography on a 1.0 X 35 cm silica gel column eluted with 
50% ethyl acetate in hexane to give the titte compound; FAB MS M/Z: 735 (M + H)\ The 300 MHz 1 H NMR 
spectrum was consistent wtth the assigned structure. Analysis calculated for CuH^NiOtSa: C. 58.86; H, 

30 7.36; N. 7.63. Found: C, 58^8; H. 7.33; N, 7.52. 



Example 288 

35 

A. (6S.7Rm93)^.&^(N-totuenesutfony^ 



40 To a solution of 1.178 g (5.715 mmol) of cuprous bromide-dlmethylsufide complex in 8 mL of 
anhydrous, oxygen-free THF tt -40* C was added 4.57 mL (11.43 mmol) of 2.5 M n-butyl lithium. Th 
solution was stirred for 0.5 h at -40* C and then cooled to -60* C. A solution of (2S.3R,4R.5S)-1 2:5.6- 
dilmirx>3,4-04aopropyWer (703 mg, 1.43 mmol(Y.L Merrer. et al. Heterocycles. 1987, 25. 

541-548)) In -16 mL^of anhydrous, oxygen-free THF was added. The solution was allowed to warm slowly 

45 to approximately -25* C and stirred for 4 h at that temperature. The reaction mixture was treated with 10% 
concentrated ammonium hydroxide in saturated ammonium chloride solution and the aqueous mixture was 
extracted with cfiethyl ether. The organic solution was washed with brine, dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure. The residue was purified by flash chromatography on a 
1.0 X 27 cm siHca gel column eluted with 20% ethyl acetate In hexane to give 0.414 g (47.6% yield) of the 

so title compound: DCl/NHa MS M/Z: 626 (M + NH*)*; The 300 MHz 'H NMR spectrum was consistent with th 
assigned structure. 



B. N,N-Bia-{Cta-vaMnylK2S. 3 R, 4R, 5SK t 9^amirx>7.8^sopropyPdenetetrade(anediol 

65 

The resultant compound of Example 288A, h 3 mL of anhydrous diethyl ether was added to -75 mL of 
liquid ammonia and small pieces of sodium metal were added until a blue color persisted for 5 minutes. 



164 



EP 0 402 646 A1 



The reaction was quenched with ammonium chloride and the ammonia was evaporated. The residue was 
dissolved in diethyl ether and the ether solution was washed with dilute aqueous ammonium hydroxide and 
brine, dried over anhydrous sodium sulfate, filtered and concentrated under reduced, pressure to give the 
intermediate 6,9-diamino compound. The diamine (159 mg f 0.53 mmol) was dissolved in 5 mL of THF and 

s the THF solution was cooled in an Ice bath. To the cooled solution was added 532 mg (2.12 mmol) of N- 
carbobenzyioxyvaline, followed by 406 mg (2.12 mmol) f r^ethyl-N'*{dimethytaminopropyl)carbodiimide 
and 295 uL (2.12 mmol) of triethytamine. The reaction mixture was allowed to gradually warm to ambient 
temperature and was stirred at ambient temperature overnight The solvent which had evaporated from the 
reaction mixture was replaced with 5 mL of THF and the mixture was stirred for 2 K. The reaction mixture 

70 was then diluted wtth ethyl acetate and washed with saturated aqueous sodium bicarbonate solution and 
brine, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The 
residue was purified by flash chromatography on a 1.5 X 35 cm silica gel column eiuted with 30% ethyl 
acetate to to give 83 mg (20% yield) of the trtte compound; DCl/NHi MS M/2: 784 (M + NH*)\ 767 (M + ny 
*; The 300 MH2 'H NMR spectrum is consistent with the assigned structure. Analysis calculated for 

T5 CoH«N40i: C ( 67.36; H, 8.62; N, 7.31. Found: C, 67.68; H, 9.02; N, 7.27. 



C. N,N-Bls-(Cbz-valinylH6S. 7R 8R, 9S)-6.9-dlamino-7,8-tetradecanedlol 



A solution of the resultant compound of Example 288B (80 mg, 0.1 mmol) in 3.0 mL of trlfluoroacetic 
add containing 0.3 mL of water was stirred at 0* C for 4.75 h. The solvent was evaporated under reduced 
pressure. The residue was purified by flash chromatography on a 1.0 X 22 cm silica get column eiuted with 
50% ethyl acetate in hexane to give 51 mg (45% yield) of the title compound; 'H NMR (CDCh) * 0.86 (t, 
25 6H), 0.92 (d, 8H), 0.98 (d. 6H), 1.20-1.33 (br m, 12H); 1.51-1.61 (br m. 2H), 2.12-2-22 <m, 2H), 3.39 (br s. 
1H), 3.55 (br s, 1H), 3.82-3.92 (m, 2H). 3.95 (dd, 2H), 5.10 (s, 4H), 5.10 (s, 4H) f 5.20 (br d f 2H), 6.23 (d. 2H), 
7.30-7.40 (m, 10H)JVnarysls calculated for CtoHuNtOi: C, 66.12; H, 8.54; N, 7.71. Found: C, 66.04; H, 8.59: 
N, 7.70. 

00 

Example 289 



as A. (2S,3R.4R,5SH i^phenyW2,5-dH(^toluene8urfonyr)am^ 



To a stirred suspension of 411 mg (2.0 mmol) of CuBr-MeaS In 2 mL of ether at 0 * C was added 3.08 
ml (4.0 mmol) of 1.3 M phenylQthium in ether/cyctohexane. After 30 minutes, a suspension of 246 mg (0.50 
40 mmol) of (2S^4R,5S)-1^5^-dnmtno-3,4-0-isopropyfldenehexanediol (703 mg, 1.43 mmol (Y.L Merrer. t 
al, Heterdcyclet, 1987, 25, 541-548)) was added In 20 mL After 80 minutes, the reaction mixture was 
quenched with 10% NKUOH saturated with NhUCl. The ether layer was washed with brine, dried over 
magnesium sulfate, and concentrated under reduced pressure. Chromatography of the residue on silica g I 
with 73Aiexane:EtOAc afforded 280 mg (86.4%) of the title compound. MS m/z 649 <M + H*) 

48 

B. N,N-BiHCbz-valiny1H2S, 3R, 4R, 5Sh1.6KjiphenyV2.5^dIamlno-3.4-hexanedlol 



so The resultant compound of Example 289A was converted to the title compound In a manner analogous 
to that described in Examples 288B and 288C. 



Example 290 

88 



A. N,N-Bls-(Cbz-vailnylH2S. 3R, 4R, 5S)-1.6^i-<4-<methoxymethyloxy)phenyl)-2 t 5K3lamino-3,4-hexanediol. 
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Using the procedures of Example 289. but subsituting 4^methoxymethyloxy)phenyllithium for phenyl- 
lithium in Step A provided the desired product 



B. N,N-Bis-(Cbz-valinyiH2S f 3R, 4R, 5S)>1 f 6-dK4-hydroxyphenyl)-2,frKJiamino-3.4-hexanediol. 



The resultant compound of Example 290A was hydrolyzed according to the procedure of Example 23B 
to provide the desired compound. 



Example 291 



2>Bis^N-(Cbz^soleucyl)amlr)oH,5Kfi 

The resultant compound of Example 12 (100 mg. 0.37 mmol). N-benzyloxycarbonyWsoleucine p- 
nitrophenyl ester (428 mg, 1.1 mmol) and triethylamine (210 uL) were combined with 0.5 mL of dry 
acetonitrile and stirred together at ambient temperature for 0.5 h. Dry THF (1.0 mL) was added and th 
resultant solution was stirred at ambient temperature overnight The reaction mixture was then diluted wfth 5 
mL of THF and 5 mL of 3 M aqueous sod urn hydroxide solution was added. The mixture was stirred at 
ambient temperature for 0.5 h and then It was extracted with 100 mL of methylene chloride. The organic 
solution was washed with 3 X 25 mL of 0.5 M aqueous sodium hydroxide solution and brine, dried over 
anhydrous magnesium sulfate, filtered and concentr ate d under reduced pressure. The residue (319 mg) 
was dissolved in approximately 5 mL of chloroform and applied to a 1.0 X 40 cm column of 40 mesh silica 
gel. The column was eluted sequentially @ 5 pjJ wtth 100 mL of chloroform, 100 mL of 0.5% methanol in 
chloroform and 100 mL oM% methanol In chloroform to give 106 mg (37% yiekj) of the title compound: 
FAB MS M/Z: 765 (M + H) . The 300 MHz *H NMR spectrum was consistent with the assigned structure. 
Analysis calculated for CiiHuNiOy: C. 70.85; H f 7.38; N, 732. Found: C. 7035; H, 7.52; N, 721. 



Example 292 



2^Butytaxycanbonytarniiw ,5-dlpheny 13-hydroxypentano. 



The resultant compound of Example 11 (125 mg, 034 mmol), N^erizyioxycarbonyhisoleucine p- 
nltrophenyi ester (198 mg. 0.51 mmol) and triethylamine (94 uL, 0.87 mmol) were combined with 1.0 mL of 
dry THF and stirred together at ambient temperature overnight The reaction mixture was then heated at 
reflux temperature for 3 h. The cooled reaction mixture was then diluted with 5 mL of THF and 5 mL of 3 M 
aqueous sodium hydroxide solution was added. The mixture was stirred at ambient temperature for 
approximately 0.5 h. and was then diluted wtth chloroform. The chloroform solution was washed with 3 X 25 
mL of 0.5 M aqueous sodium hydroxide solution and brine, dried over anhydrous magnesium sulfate, 
filtered and concentrated under reduced pressure. The residue (227 mg) was taken up in approximately 5 
mL of chloroform and appGed to a 1.0X45 cm column of 40 mesh siDca geL The column was eluted @ 5- 
10 pjJ. sequentially wtth 100 mL of chloroform. 100 mL of 0.5% methanol In chloroform and 100 mL of 1% 
methanol in chloroform to give 169 mg (81% yield) of the titte compound; FAB MS M/Z: 618 (M + H)\ The 
300 MHz 'H NMR spectrum was consistent wtth the assigned structure. Analysis calculated for 
CtcHirNaOi: C, 69.99; H, 7.67; N. 6 JO. Found: C. 69-26; H, 7.52; N, 631. 



Example 293 
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A. 2>Bis^N-<Cbz-valinyl)aminoH ,5-diphenyl-3-pentyl a-bromoacetate. 

. 5 

The resultant compound of Example 70 (600 mg, 0.81 mmol) was dissolved in 8 mL of methylene 
chloride and 72 uL (0.0 mmol) of pyridine. The solution was cooled in an ice bath with stirring under a 
nitrogen atmosphere. o-Bromoacetyl bromide (181 mg, 0.9 mmol) was added In one portion and the ice 

io bath was removed. The reaction mixture was stirred at ambient temperature for 3 h and then diluted with 
150 mL of chloroform. The chloroform solution was washed with 150 mL of water, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure. 

The residue (944 mg) was taken up In a mixture of chloroform and methanol and adsorbed onto 
approximately 1.5 g of 40 mesh silica gel in vtcuo ® 40* C. The silica gel with the product adsorbed onto 

75 It was applied to a 1.0 X 40 cm column of 40 mesh silica gel and the column was eluted @ -5 p.s.i. 
sequentially with 100 mL of chloroform and 100 mL of 1% methanol in chloroform to give 378 mg (55% 
yield) of the title compound; FAS MS M/Z: 859 (M + H)". The 300 MHz 'H NMR spectrum was consistent 
with the assigned structure. 

20 

B. 2.4-Bls-(N-{Cb2"vallnyl)amino)>1 .S-dlphenyl-3-pentyl (<H4'-methyH '»piperazinyl)acetate 



The resultant compound of Example 293A (175 mg, 0.204 mmol) and 1-methylpiperazine (44 mg, 0.44 
25 mmol) were combined with 4 mL of freshly distilled THF and the reaction mixture was stirred at ambient 
temperature under a nitrogen atmosphere foe 2 h. The reaction mixture was then concentrated under 
reduced pressure. The residue (218 mg) was taken up in appromimately 3 mL of 5% methanol in 
methylene chloride and applied to a 0.6 X 40 cm column of 40 mesh silica gel. The column was eluted @ 
-10 p.sJ. sequentially with 50 mL of methylene chloride and 50 mL of 5% methanol in methylene chlorid 
so to give 170 mg (96% yield) of product The product was dissolved in methylene chloride/math anol and 
adsorbed onto - 1g of 40 mesh silica gel The silica gel containing the adsorbed product was applied to a 
0.8 X 45 cm column of 40 mesh silica gel and the column was eluted ® -10 p.s.i sequentially with 50 mL 
of methylene chloride, 50 mL of 0.5% methanol in methylene chloride, 50 mL of 1% methanol in methylene 
chloride, 50 mL of 2% methanol In methylene chloride, 50 mL of 3% methanol In methylene chloride. 50 
35 mL of 4% methanol In methylene chloride and 50 mL of 5% methanol In methylene chloride to give 144 mg 
(82% yield) of the tite compound; FAB MS M/Z: 877 (M + H) # . The 300 MHz 'H NMR spectrum was 
consistent with the assigned structure. Analysis calculated for CioH^NcOi: C, 68.47; H, 7.36; N, 9.58. 
Found: C, 68.32; H, 7.27; N, 9.54. 

40 

Example 294 



<5 2.4-Bis-{N-<Cbz-vaflnyf)amino)-1 ,5rdiphenyf-3-pentyl (q-1 '-morphollnoacetate. 



The resultant compound of Example 293A (198 mg, 0231 mmol). and morphofine (43 mg, 0.5 mmol) 
were combined wtth 4 mL of freshly distilled THF and the reaction mixture was stirred at ambi nt 

so temperature under a nitrogen atmosphere for 4 h. A drop of triethylamine was added and the reaction 
mixture was concentrated under reduced pressure. The residue (241 mg) was dissolved In 
methanol/methylene chloride and adsorbed onto - 500 mg of 40 mesh slDca gel. The silica gel containing 
the adsorbed product was applied to a 0.6 X 40 cm column of 40 mesh since gel and the column was 
eluted -10 p.sJ. sequentially with 50 mL of chloroform, 50 mL of 1% methanol in chloroform. 50 mL of 

55 2% methanol In chloroform and 50 mL of 3% methanol in chloroform to give 188 mg (93% yield) of the title 
compound; FAB MS M/Z: 864 (M + H)*. The 300 MHz 'H NMR spectrum was consistent with the assigned 
structure. Analysis calculated for CoH^NfO,: C f 68.11; H ( 7.12; N, 8.11. Found: C f 67.99; H, 7.14; N, 8.09. 
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Example 295 



5 A. 2>Bi3»(N-<Cb2-vaiinyl)aminoH t S<llphenyl-3-pentyl 3-fchloromethyl)ben2oate 



The resultant compound of Example 70 (769 mg, 1.04 mmol) was combined with 3-(chloromethyl)- 
benzoyl chloride (395 mg, 2.09 mmol) and pyridine (165 mg, 2.09 mmol) in 10 mL of freshly distilled 

10 methylene chloride. The reaction mixture was stirred at ambient temperature under nitrogen for approxi- 
mately 65 h and then diluted with 150 mL of chloroform. The chloroform solution was washed with 75 mL of 
water, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The 
residue (1.59 g) was taken up in - 10 mL of methylene chloride and applied to a 1.5 X 45 cm column of 40 
mesh silica gel. The column was eluted @ -5 p.sJ. sequentially with 200 mL of methylene chloride, 200 mL 

75 of 0.5% methanol in methylene chloride and 200 mL of 1% methanol In methylene chloride to give 275 mg 
(30% yield) of the title compound: FAB MS M/2: 889 (M + H)\ The 300 MHz 'H NMR speptrum was 
consistent with the assigned structure. 



30 8. 2.4-Bis-(N-(Cbz-valinyl)aminoH ,5"dlphenyl-3-pentyl 3-((4'«methyM '-piperazinyl)methy Qbenzoate 



The resultant compound of Example 295A (130 mg. 0.148 mmol) and 1-methylpiperazine (32 mg, 0.337 
mmol) were combined with 4 mL of fresWy distilled THF and the reaction mixture was stirred at ambient 

29 temperature under a nitrogen atmosphere for 2 h. The reaction mixture was then heated at reflux for 18 h 
under a nitrogen atmosphere and concentrated under reduced pressure. The residue (160 mg) was taken 
up in appromimately 2 mL of chloroform and applied to a 0.6 X 45 cm column of 40 mesh silica gel. The 
column was eluted @ 5-10 p.si. sequentially with 50 mL of methylene chloride, 50 mL of 1% methanol in 
methylene chloride. 50 mL of 2% methanol in methylene. chloride, 50 mL of 3% methanol in methylene 

ao chloride. 50 mL of 4% methanol in methylene chloride and 50 mL of 5% methanol in methylene chloride to 
give 89 mg (60% yield) of the title compound; FAB MS M/2: 953 (M ♦ H)*. The 300 MHz 'H NMR spectrum 
was consistent with the assigned structure. Analysis calculated for CstHciNcOs: C. 70.56: H. 7.19: N, 8.82. 
Found: C. 70.22; H, 7.13; N, 8.63. 

35 

Example 296 



*o 2.4^t^Cb»-vafirry<)aminoH ,5-dlphenyl-3-pentyt 3K(l'^orphoHrw)methyl)ben2oate 



The resultant compound of Example 295A (133 mg, 0.15 mmol). and morphofine (26 mg. 0.30 mmol) 
were combined with 4 mL of freshly distilled THF and the reaction mixture was heated at reflux under a 

<s nitrogen atmosphere for 17 h. The reaction mixture was concentrated under reduced pressure. The residue 
(170 mg) was taken up In appromimately 1 mL of chloroform and applied to a 0.6 X 45 cm column of 40 
mesh silica gel. The column was eluted Q 10 pjj. sequentially with 50 mL of chloroform. 50 mL of 1% 
methanol in chloroform, 50 mL of 2% methanol In chloroform and 50 mL of 3% methanol in chloroform to 
give 84 mg (60% yield) of the titie compound; FAB MS M/Z: 940 (M + H)\ Analysis calculated for 

so C$sHoN»Oi +H 3 0: C. 88*4; H, 7.05; N, 7.31. Found: C, 69.15; H, 6.82; N, 7-27 



Example 297 
A. 4-(Chloromethyl)benzoyl chloride 
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Benzoic acid (20.0 g, 117 mmol) was suspended in 100 mL of freshly distilled methylene chloride with 
stirring under a nitrogen atmosphere. Approximately 2 drops of OMF was added to the suspension, followed 
by the dropwise addition of oxaJyl chloride (29.7 g, 234 mmol) over a 0.5 h period. The reaction mixture was 
stirred at ambient temperature for 17 h. The reaction mixture was then concentrated In vacuo @ 45-50* C. 
5 Toluene (30 mL) was three times added to the residual oil and r moved by azeotropic distillation. The oil 
was then distilled under reduced pressure to give 20.8 g (94% yield) of the title compound; b.p. 1 39-1 49 * C 
(12 mm Hg); 1H NMR (COCO) d 4.63 (s. 2H), 7.54 (d. 2H), 8.12 (d. 2H). 



io B. 2>Bls^N^Cbz*valinyl)amlnoH>5^pheny>»3i»rrryl 4-(chioromethyl)benzoate 



The resultant compound of Example 70 (1.3 g, 1.78 mmol) was combined wtth 4-<chloromethyl)benzoyl 
chloride (1.0 g, 5.3 mmol) and pyridine (418 mg, 5.3 mmol) In 10 mL of freshly distilled methylene chlorid . 

T5 The reaction mixture was heated at reflux under nitrogen for approximately 10 h and then diluted with 150 
mL of chloroform. The chloroform solution was washed with 75 mL of water, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure. The residue (2.1 g) was taken up in 
- 10 mL of chloroform and applied lo a 1.8 X 45 cm column of 40 mesh silica gel. The column was eluted 
@ -5 p.sJ. sequentially wtth 200 mL of methylene chloride, 250 mL of 0.5% methanol in methyl ne 

20 chloride and 600 mL of 1% methanol In methylene chloride to give 721 mg (46% yield) of the title 
compound; FAB MS M/Z: 889 (M + H)\ The 300 MHz 'H NMR spectrum was consistent with the assigned 
structure. 

25 C. 2>Bls-(N-<Cbz-vaflnyj)amlnoH ,5-dIphenyK*-penty( 4*((4'-methyH # -piperazinyl)methy1)benzoate 



The resultant compound of Example 297B (200 mg, 0225 mmol) and 1-methyIpiperazine (45 mg. 0.45 
mmol) were combined with 5 mL of freshly distilled THF and the reaction mixture was heated at 45 ' C 

so under a nitrogen atmosphere for approximately 64 h. The reaction mixture was concentrated under reduced 
pressure. The residue (245 mg) was taken up in appromimately 2 mL of chloroform and applied to a 0.6 X 
40 cm column of 40 mesh sJBca gel The column was eluted <B 10 p~*J. sequentially with 50 mL of 
chloroform and 50 mL of 1% methanol in methylene chloride to give 106 mg (37% yield) of the title 
compound; FAB MS M/Z: 953 (M + H)\ Analysis calculated for CuHsiNtOi + H 2 0: C. 9-25; H, 7.26; N, 

35 8.65. Found: C, 69.06; H, 7.00; N, &60. 



Example 298 

40 

Z4^lsK^Cbz-vtDrry1)amlnoh1 ,5-dlphenyt-3-pentyl 4-{(l '■fnorphonno)methyl)benzoate 



4e The resultant compound of Example 2978 (200 mg, 0225 mmol), and morphofine (39 mg, 0.45 mmol) 
were combined with 5 mL of freshly distilled THF and the reaction mixture was heated at 45 * C under a 
nitrogen atmosphere for approximately 64 h. The reaction mixture was concentrated under reduced 
pressure. The residue (249 mg) was taken up In appromimately 2 mL of chloroform and applied to a 0.6 X 
45 cm column of 40 mesh silica gel. The column was eluted ® -10 p.aJ. sequentially with 50 mL of 1% 

so methanol in methylene chloride, 50 mL of 2% methanol In methylene chloride, 50 mL of 3% methanol in 
methylene chloride and 50 mL of 4% methanol In methylene chloride to give 163 mg (76% yield) of the title 
compound; FAB MS M/Z: 940 (M + H)\ Analysis calculated for CiHmN»0» + H*0: C, 68.94; H, 27.05: N. 
7.31. Found: C, 6834; H, 630; N, 7.29. 

Example 299 



169 



EP 0 402 646 A1 

A. 2,4>Bls(t-butyioxycartx)nylaminoh1 ,5<Iiphenyl-3-pentanol 



To a stirred solution of the resultant compound of Example 11 (1.0 g. 2.7 mmol) in 20 ml of 
6 dlchloromethane was added 0.77 g of di-t-butyldicarbonate. After 1 hour. 4 dr ps of diisopropylethylamin 
was added, and after 30 minutes, the reaction mixture was concentrated under reduced pressur . 
Chromatography of the residue on a 1.5 x 45 cm column of silica gel with 200 mL of chloroform and then 
200 mL of 99:1/chloroform:methanol afforded 1.19 g (94%) of the title compound. DCi/lBU MS M/Z; 471 
(M*H)\ The 300 MHz 'H NMR was consistent with the assigned structure. 



S. 2,4-Bia-<t-butyloxycarbonyl)amtnoH ,5-dfphenyl-3-pentanone 



75 Oxaiyl chloride (380 mg, 3.0 mmol) was dissolved in 45 mL of freshly distilled methylene chloride and 
the solution was cooled to -78* C under a nitrogen atmosphere. DMSO (469 mg, 6.0 mmol) was added to 
the stirred solution, followed 5 minutes later by a solution of 1.18 g (2.5 mmol) of the resultant compound of 
Example 299A. in 20 mL of methylene chloride. Artec the reaction mixture was stirred for 50 min at -78* C, 
1.75 mL (12.5 mmmol) of triethylamine was added. The reaction mixture was stirred for 5 min at -78* C and 

20 then allowed to warm to ambient temperature and stirred at ambient temperature for 1 h. The reaction 
mixture was diluted with 100 mL of chloroform, washed with 100 mL of brine, dried over anhydrous 
magnesium sulfate, tittered and concentrated under reduced pressure.The residue was taken up in - 10 mL 
of methylene chloride and applied to a 1.0 X 45 cm column of silica gel. The column was eluted @ 5-10 
p.sJ. with 100 mL of methylene chloride and 100 mL of 1% methanol in methylene chloride to give 1.02 g 

23 (87% yield) of the title compound; DC1/NK3 MS M/Z: 486 (M + NH4) + , 469 (M + H) + . 



C. 2.4-Bis-(t-butytoxycart)onylam^ oxime 

30 

The resultant compound of Example 299B (217 mg, 0.46 mmol), hydroxy lamine hydrochloride (48 mg. 
0.69 mmol) and anhydrous pyrkfine (75 uL 032 mmol) were added to 10 mL of methanol. The reaction 
mixture was stirred at ambient temperature under a nitrogen atmosphere for 18 h. Additional hydroxy lamin 
hydrochloride (48 mg) and pyridine (75 til) were added and the reaction mixture was stirred for 5 h. The 

35 reaction mixture was then concentrated under reduced pressure and the residue was dissolved in 100 mL 
of chloroform. The chloroform solution was washed with 50 mL of water, dried over anhydrous magnesium 
sulfate, filtered and co n c e ntrat ed under reduced pressure. The residue (250 mg) was taken up in - 2 mL of 
methylene chloride and applied to a 0 J X 45 cm column of silica geL The column was eluted sequentially 
with 50 mL of methylene chloride, 50 mL of 1% methanol in methylene chloride and 50 mL of 2% methanol 

40 in methylene chloride to give 180 mg (72% yield) of the title compound; DCI/NH3 MS HLZ: 501 (M* NhU)*, 
484 (M + H) + . Analysis calculated for CjjHjtNjOs +0.5H a O: C. 5.77; H. 7.77; N, 8.52. Found: C. 68.11; H. 
7.50; N, 8.66. 



<« Example 300 



2.4-Bie^-butyloxycarbonyiamino)-1 ,5-diphenyl-3-aminopentane 

50 : * 

The resultant compound of Example 299 (134 mg, 0-277 mmol). was dissolved in 20 mL of methanol. 
10% Palladium on carbon (50 mg) and ammonium formate (350 mg, 55 mmol) were added and th 
reaction mixture was stirred at ambient temperature under one atmosphere of hydrogen for -64 h. The 
55 reaction was incomplete at this time and 100 mg f 10% palladium on carbon and 200 mg ammonium 
formate were added. The reaction mixture was stirred at ambient temperature under one atmosphere of 
hydrogen for -24 h. The catalyst was removed by filtration and the filtrate was concentrated und r reduced 
pressure. The residue was dissolved in methanol and adsorbed onto - 500 mg of silica gel in vacuo @ 
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45* C. The silica gat was applied to a 0.6 X 40 cm of silica gel and eluted @ 10 p.s.J. with 50 ml of 2% 
methanol in methylene chloride, 50 mL of 3% methanol in methylene chloride, and 150 mL of 5% methanol 
In methylene chloride to give 20 mg (15% yield) of the title compound; DCt/NH, MS M/Z: 470 (M + H)*; *H 
NMR (CDCt3) «7.35-7.00 (m t 10 H), 520 (d, 1H), 4.83 (d, 1H), 4.10 (m, 1H), 3.83 (m, 1H), 3.0-2.5 (m, 5H), 
5 1.42 (3, 9H). 132(S,9H). 



Example 301 

10 

2.2-Bis-<2'-phenyH '^XJtoxycarbonytaminoH '-ethy Qoxlrane 



75 Approximately 3 mmol of dlazomethane was generated by standard procedures from N-metnyi-N- 
nitroso-p-toluenesutfonamide (sold by Aldrich Chemical Co. under the tradename Diazald*) ^nd distilled 
directly into a solution of the resultant compound of Example 289B (100 mg, 0-21 mmol) in 2 mL of THF. 
The solution was then diluted with 10 mL of methanol and -13 mL of diethyl ether. The reaction mixture 
was stirred at ambient temperature for 18 h. The reaction mixture was protected from moisture by a drying 

20 tube containing calcium chloride. The solution was concentrated under reduced pressure and the residue 
(106 mg) was taken up In -1 mL of methylene chloride. The methylene chloride solution was applied to a 
0.6 X 45 cm column of silica gel preequillbriated with hexane. The column was eluted @ 10 p.sJ 
sequentially with 50 mL of hexane, 50 mL of 5% ethyl acetate in hexane, 50 mL of 10% ethyl acetate in 
hexane. 50 mL of 15% ethyl acetate in hexane, 50 mL of 20% ethyl acetate in hexane, 50 mL of 25% ethyl 

25 acetate in hexane, and 50 mL of 5% methanol in methylene chloride to give 24.5 g (24% yield) of the title 
compound; DCWsobutane MS M/Z: 483 (M + H)\ 



Example 302 

30 



A. 2>Bla^rHChz-vaflnyl)amlno)»1 ,5-dlphenyl-3-pentanone 

38 

To a cold (-78* C) solution of oxaiyt chloride (93 mg, 0.73 mmol) In 1 1 mL of freshly distilled methylene 
chloride was added, with stirring, 103 uL (1.46 mmol) of DMSO. To this soltuion at -78* C after stirring for 5 
minutes was added a solution of the resultant compound of Example 70 (450 mg, 0.61 mmol) in 5.5 mL of 
methylene chkxide/DMSO (10:1). The reaction mixture was stirred at -78* C for -50 min, triethy famine (426 

40 uU 3.0 mmoQ was added and stirring was continued for 5 min at -78* C. The cold bath was removed and 
the reaction mixture was allowed to warm to ambient temperature. The reaction mixture was diluted with 
150 mL of chloroform. The chlor of orm solution was washed with 100 mL of brine, dried over anhydrous 
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was taken up in -3 mL 
of chloroform and applied to a 1.0 X 45 cm column of silica gel. The column was eluted with 100 mL of 

48 chloro fo rm and 100 mL of 0.5% methanol In chloroform to give 376 mg (84% yield) of the title compound; 
DCI/NH3 MS M/Z: 501 (M + Nhk)*. The 300 MHz 'H NMR spectrum was consistent with the assigned 
structure. 



so 8. 2^-Blt-<2'-phenyH '^N-(Cbz-vallny l)amlno)-1 '-ethyQoxlrane 



The resultant compound of Example 302A (370 mg, 0.5 mmol) was suspended In 50 mL of methanol at 
ambient temperature. THF was added (30 mL) until a solution was formed. Excess dlazomethane was 
55 generated by standard procedures from N^ethykN^itroso^toli»enesulfonamide (sold by Aldrich Chemical 
Co. under the tradename Diazokj ) and distilled (In -50 mL of diethyl ether) directly into the solution of the 
ketone. The reaction mbdure was stirred at ambient temperature for 17 h and then concentrated In vacuo at 
40* C. The residue (410 mg) was taken up In 2 mL of chloroform and applied to a 1.0 X 45 cm column of 
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silica gel preequilibrated with hexane. The column was eluted @~S p.sJ. with 100 mL of methylene 
chloride, 100 mL of 1% methanol in methylene chloride, 1f)0 mL of 2% methanol in methylen chloride and 
100 mL of 3% methanol in methylene chloride to give 62 mg (22% yield) of the title compound; DCI/NH 3 
MS M/Z: 748 (M + H)\ 

5 

Example 303 



10 

A. Dimethyl-2 t 4-bi3(phenylmethyl)-3-oxoglutafate 

Dimethyl 2.4-bis(phenylmethylene>-3^oxo-glutarate (630 mg, 1.8 mmol) (C.H. Chen, et al. J. Org. Chem., 
15 1981, 46, 2752-2757) was dissolved in about 100 mL of methanol and 250 mg of 10% palladium on carbon 
was added. The reaction mixture was shaken at ambient temperature under 4 atmospheres of hydrogen for 
about 12 h. The catalyst was removed by filtration and the filtrate was concentrated under reduced 
pressure. The residue (750 mg) was taken up in -15 mL of methylene chloride and applied to a 1.0 X 45 
cm column of silica get. The column was eluted @ 5 p.sJ. with 150 mL of methylene chloride to give 374 
20 mg (58% yield) of the title compound. The 300 MHz 'H NMR was consistent with the assigned structure. 



B. Dimethyh2.4-bis(phenylmethyl)-3^iydroxyglutarate 



To a solution of the resultant compound of Example 303B (370 mg, 1.04 mmol) in 20 mL of 
methanol/THF (1:1) at ambient temperature under a nitrogen atmosphere was added 40 mg (1.04 mmol) of 
sodium borohydride. The reaction mixture was stirred at ambient temperature f or 1 h and then concentrated 
under reduced pressure. The residue was co-evaporated with 2 X 10 mL of methanol. The residue (517 mg) 
30 was then taken up In methylene chloride and applied to a 1.0 X 45 cm column of silica gel. The column was 
eluted with 100 mL of methylene chloride. 100 mL of 0.5% methanol in methylene chkxide and 100 mL of 
1.0% methanol in methylene chloride to give two products. The title compound was recovered as the major 
product in 49% yield (182 mg); DCI/NH3 MS M/Z: 374 (M + NhL)\ 357 (M ♦ H) ♦ . 

09 

Example 304 



to K 2,4-Bie^phenytmethyl)-3-hydroxy*glutaric add 



The resultant compound of Example 303B (120 mg, 0337 mmol) and lithium hydroxide monohydrate 
(30 mg, 0.71 mmol) were added to THF/water (4:1) and the solution was stirred for -20 h at ambient 
45 temperature under a nitrogen atmosphere. The reaction mixture was diluted with 20 mL of THF and 
adjusted to neutral pH with strongly acidic Ion exchange resin HCR-S (commercially available from Nalco 
Co.). The mixture was filtered through a mlllepore (0.45 u) filter and the filtrate was concentrated under 
reduced pressure to give 120 mg of the title compound; DCI/NH3 MS M/Z; 346 (M + NKU)\ 

50 

B. N,N'»Bl8-{1 '-b»rgytoxycarborryK2 > -methyl-1 '■propyl>-2 t 4^1s(phenylmethyl>>34iydroxy^iutaramlde 



To a stirred mixture of 2.4^(phenytrr^yf>3-hydro)cy^lutaric acid (88 mg, 0,2 mmol) and valine 
55 benzyl ester (168 mg, 0.44 mmol) in DMF at 0 # C was added diethyl cyanophosphonate (67 mg, 0.44 
mmol) followed by triethylamine (123 mg, 038 mmol). The reaction mixture was stirred at 0*C under 
nitrogen for 0.5 h and then It was allowed to warm to ambient temperature. The reaction mixture was stirred 
at ambient temperature for 18 h and was then diluted with 100 mL of chloroform, washed with 100 mL of 
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water, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The 
residue (1.6 g) was taken up in -1 mL of methylene chloride and applied to a 0.6 X 45 cm column of silica 
gel. The column was eluted @ 10 p.s.i. with 100 mL of methylene chloride. The residue was then taken up 
In -1 mL of methylene chloride and applied to a 0.6 X 40 cm columnm of silica gel. Th column was eluted 
s @ -10 p.s.L with 50 mL of methylene chloride, 50 mL of 1% methanol In methylene chloride and 2% 
methanol In methylene chloride to give 93 mg (65% yield) of the titi compound; FAB MS M/Z: 707 (M + h>- 



ro * Example 305 



N.N'-Bis-(1 '-benzyloxycartoonyl-2'-methyH '-propyl)-2,3.4,5-tetrahydroxyadipamide 

Valine benzyl ester p-toluenesulfonate salt (10.6 g, 28 mmol) was partitioned between 200 mL of 
chloroform and 56 mL of 0.5 M aqueous sodium hydroxide solution. The organic layer was separated and 
washed with 75 mL of brine and 75 mL of 5% aqueous sodium bicarbonate, dried over anhydrous 

to magnesium sulfate, filtered and concentrated under reduced pressure. Acetonttrlie (25 mL) and mannosac- 
charodilactone (W.N. Haworth, et al, J. Chem. Soc„1944 ( 217) (1.8 g, 10.3 mol) were added to the residue 
and the reaction mixture was heated at reflux under nitrogen for 10.5 h. The reaction mixture was aJlowed to 
cool to ambient temperature and stirred at ambient temperature for -64 h. Acetonrtriie (75 mL) was added 
followed by 25 mL of strongly acidic Ion exchange resin (HCR-S) and the mixture was stirred at ambi nt 

2$ temperature for 2 h. The resin was removed by filtration and the filtrate was concentrated under reduced 
pressure. The residue was taken up In -25 mL of methylene chloride and applied to a 2.8 X 55 cm column 
of silica gel. The column was eluted @ -5 p.sJ with 250 mL of methylene chloride and 1 L of 5% methanol 
In methylene chloride to give 5-26 g (86% yield) of the desired product The product (267 mg) was further 
purified by chromatography. It was dissolved in -1 mL of methylene chloride and applied to a 0.6 X 45 cm 

w column of silica gel. The column was eluted ®-10 p.sJ. with 50 mL of methylene chloride and 100 mL of 
2% methanol in methylene chloride to give 212 mg of the trtie compound: El MS m/z 589 (M + H*); 'H NMR 
« 0.87 (d. 6H), 0.93 (d, 6H), £18-230 (m, 2H), 4.05 (t 2H) f 4.14 (d, 2H), 4.25 (dd. 2H), 4.58 (dd, 2H). 4.67 
(d, 2H). 5.12-5-24 (dd, 4H), 7.30-7.40 (m. 8H), 7.62 (d ( 2H). 

as 

Example 306 



«o N.N'-Ble-Q '-benzytatyc ar bonyV^-methyH '■propyl>>3 ) 4Kflhydroxy-2 t 5-t)«s(pheny Imethy l)adlpamide. 



A solution of 100 mg (0.68 mmol) of 2,3:45-dianhydro-r>idrtol (R.S. Tlpson, et al, Carfcohydrafe 
Research, 1968, 7, 232-243) In 5 mL of dichloromethane and 1 mL of DMSO was added to a solution of 

46 208 mg (134 mmol) of oxahyl chkxlde in 10 mL of dichloromethane which had been treated with 257 mg 
(328 mmol) of DMSO at -78 * C. After 15 minutes at this temperature 685 mg (63 mmol) of triethylamine 
was added and the resulting solution aJ lowed to warm to room temperature. The resulting diaJdehyd is 
purifed by chromatography on silica gel and then oxidized to dimethyl 2,3:4,5-diepoxyadlpate according to 
the procedure of D.R. WilBams, et al (Tetrahederon Letters, 1988, 5087-5090). The diepoxide Is then treated 

60 wfth the cuprate reagent prepared from benzyl lithium and CuBr-MeaS or CuCN in an ethereal solvent such 
as tetrahydrofuran or diethyl ether, to affored dimethyl 3 ( 4-dihydroxy-2,5-bis(pheny1methyl)adipate. The 
resulting diol is then protected es the bis(t-butyldlphenylsJryl) ether by treatment with t-butyidlphenylsiryl 
chloride in DMF in the presence of Imidazole. Saponification of the diester with LiOH In aqueous THF, 
followed by acidification and coupling to valine benzyl ester In the manner described In Exampl 304, 

sa followed by deprotection with tatrabutylammmonium fluoride in THF affords the title compound. 



Example 307 
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A. N t N^Bls»(1 # *benzyioxycaft>onyK2 -m thyH'*propy|).2 t 3,4,5'tetrahydroxyadipamide, 3.4-O-isopropylidene 

5 " 

To a stirred solution of 5.00 g (8.49 mmol) of The resultant compound of Example 305. in 1000 mL of 
acetone was aded 3.3 mL of concentrated sulfuric acid. After 60 minutes at room temperature, the reaction 
mixture was diluted with 1 liter of dichloromethane and then neutralized with 8.3 mL of concentrated 
to ammonium hydroxide. The precipitate was removed by filtration, the filtrate concentrated under reduced 
pressure, and the residue purified by chromatography on silica gel with a haxane/EtOAc gradient to afford 
353 g (74 %) of the desired producL'H NMR (CDCU) S 7.35 (s. 10H), 5.18 (abq. 4H). 4.58 (dd, 2H) t 4.33 
(m, 2H). 4.20 <m, 2H), 2-22 (m. 2H), 1.41 (s, 6H), 0.90 (d. 6H), 0.94 (d. 8H). 

B. N. n'-BIs-<1 '-benzy loxycart>onyl-2'«fnethyH '^pyl)-2.5^s(trffluoromethylsulfonytoxy)-3.4,-dihydrox« 

yadipamide, 3,4-O-isopropylidene ' 



20 To a stirred solution of 159 mg (0.253 mmol) of the resultant compound of Example 307A In 3 mL of 
dichloromethane at -15 * C was added 0.051 mL (0.63 mmol) of pyrldne and then 0.094 mL (0.56 mmol) of 
triflic anhydride. After 2 h t the temperature had increased to -10 # C. and the reaction mixture was diluted 
with 100 mL of dichloromethane, and washed with saturated aqueous sodium bicarbonate. The separated 
organic phase was dried over magnesium sulfate, filtered, and concentrated under reduced pressure. 

as Chromatography of the residue on silica gei with 88^/dIchloromethane^ethanol afforded 55 mg (24 %) of 
the tttie compound. FAB MS m/z 893 (M + H)\ 



C. N,N'-Bis-(l'-benzytoxycartx)ny^ 3,4.0 
30 isopropytidene 



To a stirred solution of 50 mg (0.056 mmol) of the resultant compound of Example 307B, in 5 mL of 
acetonitrile was simultaneously added 62 mg (0.56 mmol) of thiophenol and 28 mg (0.23 mmol) of 
38 triethytamine. After 30 minutes at room temperature, the reaction mixture was concentrated under reduced 
pressure. Chromatography of the residue on silica gel with 98^chkxomethane:methanol afforded 30 mg 
(66 %) of the title compound *H NMR (COCU) 1 7.5-7.15 (m. 22 H), 5.16 (abq, 4H), 4.88 (s. 2H), 4.54 (dd. 2 
H); 3.84 (s. 2 H), 2.15 (m. 2 H). 1.47 (s, 6 H), 0.78 (d, 12 H). 

40 

D. N,N'-8i»{1 '■becuytaxycartonyl-2 , "methyH '-propyl)-2 > 5-phenylthich3 t 4«dlhydroxyadipamide 



A stined sohjtion of 27 mg (0.033 mmol) of the resultant compound of Example 307C in 2 mL of 
46 4:1/acetonrtrile:10% aqeuous HC1 was heated at 45 # C for 3 hours.The cooled reaction mixtures was diluted 
with 75 mL of dichloromethane, and then washed with 50 mL of water and then 25 mL of pH 6 phosphate 
buffer/The separated organic phase was dried over magnesium sulfate and then concentrated under 
reduced pressure. Chromatography of the residue on silica gel with 955 to 85:15/dichtoromethane:EtOAc 
afforded 85 mg of the desired compound. *H NMR (CDCU) I 7.45-7.20 (m, 22 H). 5.19 (abq, 4H), 4.52 (dd, 
so 2 H), 4.47 (dd. 2 H). 352 (d, 2 H), 358 (d, 2H), 2.19 (m, 2 H). 050 (d.8 H), 0.78 (d,8 H). 



Example 308 

56 

2,4-Bis-<N-(Cbz^aiinyl)amino)-1 .S-diphenyKS-pentyl 2-aminoacetate 
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To a stirred solution of 50 mg (0.058 mmol) of the resultant compound of Example 293A, in 1 mL of 
THF was added approximately ten equivalents of ammonia dissolved in THF. After 72 h, th react n 
mixture was concentrated under reduced pressure. Chromatography of th residue on silica gel with a 97:3 
to 83:7/dlchloromethane:MeOH gradient afforded 6.8 mg (14 %) of the title compound. FAB MS m/z 794 
5 (M + HJVh NMR (CDCIi) * 7.4-7.1 (m, 20 H), 5.08 (s, 4 H), 0.81 (d,3 H), 0.76 (d, 3 H), 0.66 (d 3 H), 0.62 (d 
3 H). 



' Example 309 

10 

1^1 '^NKCbz-v^inyl^inoK'-cyctohexy^l ■e^yl)-1-(2 ^ ^(^HCb2^vaJlny^)amino)■3'^methyl■1 ',1 # -diftuon>l '-butyl)- 

oxirane 

is 

To a solution of 16 mg (0.022 mmol) of the ketone product from Example 183 In 2 mL'of THF was 
added 4 mL of an ethereal solution containing excess diazomethane. After 2 h at room temperature and 16 
hours at - 20 # C, the solution was warmed to room temperature and concentrated under reduced pressur 
to to afford 16 mg of the title compound. DCl/NHi MS.757 (M + H*), 774 (M + NH* Vh NMR (CDCIj) $ 7.37 (s, 
5H), 7.34 (s, 5H) ( 5.98 (d 1 H), 533 (d, 1 H), 5.32 (d, 1 H), 5.2-5.0 (m f 5 H), 4:62-4.40 (m, 2 H), 4.03-3.90 
(m, 2 H). ZM (bs. 1H). 2.78 (bs, 1H) f 2.40-0.80 (m). 



35 ' Example 310 



N.N-Bls-(Cbz-vannylH2S, 3S, 4S, SSH.6^phenyl-2,5-dl8jnino-3,4-hexanedlol 

30 

Oxidation of of 2,3:4,5-dJanhydrD-0"«tol (FLS. Upson, et ai. Carbohydrate Research. 1968, 7, 232- 
243) as described In Example 306. but substituting THF for the dichloromethane/DMSO mixture as solvent 
affords a solution of the corresponding tfaidehyde. This solution Is then recooled to -78 * C, and treated 

as wtth four equivalents (relative to the Idttof) of phenylmagnesium bromide. The reaction mixture is then 
quenched with a pH 7 phosphate buffer and extracted into ethyl acetate, dried over sodium sulfate, and 
concentrated under reduced pressure. The resulting diol is treated with benzyl isocyanate, in the presence 
of either 0MAP or diisopropyiethylamine, In an inert solvent such as benzene or THF. The resulting 
blscarbamate la then treated with 2 equivalents of NaH or potassium t-butoxide in THF. The resulting diol is 

40 then treated with hydrogen over a Pd catalyst In a solvent such as MeOH to afford (2S, 3S, 4S. 5S>-3.4- 
dlhydroxy-1 ^^phenyl-heatane^S-dlamine. This is then converted into the title compound by treatment 
with Cbz-vafine p-nitrophenyl ester tn THF in the presence of triethyiamlne. 



45 Example 311 



2^yvfcBenrykN-<benrytoxycartx^ 

50 

A solution of 160 mg (0.27 mmol) of the resultant compound of Example 117A and 117 mg (0.54 mmol) 
of 3-chkxoperoxybenzolc acid In 1 ml of dtehkxomethane was stirred at ambient temperature for 2 days. 
The resulting solution was diluted wtth dlchloromethane. washed sequentially with aqueous sodium bicar- 
65 bonate and saturated brine, dried over MgSO*, and concentrated. Silica gel chromatography of the residue 
using 10% ethyl acetate In hexane provided 150 mg (92%) of the desired compound (R« 0.50, 20% ethyl 
acetate In hexane) as an oil. Mass spectrum: (M ♦ H)* « 607. 
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Example 312 

2-AmirK>*5^t-butyloxycarbonylaminoH ,frdiphenyt-3-hex ne»3.4-oxide. 



A mixture of the resultant compound of Example 311 (152 mg) and 50 mg of 10% palladium on carbon 
in 50 ml of methanol was shaken under 4 atmospheres of hydrogen for 1 day. The mixture was filtered and 
to concentrated in vacuo to provide 82 mg (96%) of the desired compound. Mass spectrum: (M ♦ H)* ■ 383. 



Example 313 

1$ 

2.5>Dt«(t-butytoxycarbonylaminoh1 ,fr<Jiphenyl-3-hexene-3.4oxide. 

to Using the procedure of Example 205 with the resultant compound of Example 312 provided the desired 
compound. 

Example 314 



2.5-OHt"butytoxycarbonylaminoh1 ,B-dlphenyt-3-hydroxvhexane. 

30 

A solution of the resultant compound of Example 313 In tetrahydrofuran was treated at ambient 
temperature with 2 molar equivalents of lithium triethyborohydride (1.0 M tn tetrahydrofuran). After 2 h, the 
solution was quenched wtth citric acid, extracted with ether, washed with dilute aqueous NaOH and 
saturated brine, dried over NaaSQt, and conce ntrate d. Silica gel chromatography provided the desired 
3S compound. 

Example 315 



A, 4-A2kjo-2^KlHt-butytoxycarbony1amino)-1 ,6-diphenyt-3-hydroxyhexane. 

45 Using the procedure of Example 10C with the resultant compound of Example 314 provided the desired 
compound. 



B. 4-Amino-2.5«dHt*utytaxycarbony^ 

60 

Using the procedure of Example 11 with the resultant compound of Example 315 provided the desired 
compound* 

ss 

Example 316 
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(2S.3R,4R.SS)-2>DH^quinolln^ , 

Quinaidic acid was coupled to the resultant compound of Example 173 using the carbodiimide coupling 
procedure of Exampl 55 to provid the desired compound. 

Example 317 

(2S,3S t 4S,5S)-2>DHrHvallny^ 

Using the procedure of Example 71C with the resultant compound of Example 210 provided the desired 
compound. 

Example 318 
(2S,3S,4S,5S)-2 t S-OHEHqulnollr^2<arbonyl)^ 

Quinaidic add wae coupled to the resultant compound of Example 317 using the carbodiimide coupling 
procedure of Example 55 to provide the desired compound. 

Example 319 

(2S,3S,4R3SV2^DK^>^nyf)amino)^ i 4^mydroxy>1 ,6-dlphenyIhexane. 

Using the procedure of Example 71 C with the resultant compound of Example 209 provided the desired 
compound. 

Example 320 
(2S,3S,4R^>2,5»0HNKquinoBne-2<arb^ 



QuinaJdic acid was coupled to the resultant compound of Example 319 using the carbodiimide coupling 
procedure of Example 55 to provide the desired compound. 



Example 321 



(2S,3R.4R t 5S)-2,5-OHNK*nrfole-2«can^ ,6«dlphenylhexane. 
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lndole-2-carboxyfic add was coupled to the resultant compound of Example 173 using the carbodiimide 
coupling procedure of Example 55 to provide the desired compound. 



Example 322 



(2S.3S,4S.55)-2.5-0Hr4f'ndole-2-cart^ 
to ^ _ 

lndole-2-carboxyiic acid was coupled to the resultant compound of Example 317 using the carbodiimide 
coupling procedure of Example 55 to provide the desired compound. 

75 

Example 323 



20 (2S.3R.4S.5Sh2,5-DHW"<tole-2-cart^ 

lndole-2-carboxyfic add was coupled to the resultant compound of Example 319 using the carbodiimide 
coupling procedure of Example 55 to provide the desired compound. 

25 

Example 324 



30 

(2S.3R.4R.5S2 S2*$V2 t 5-DH^2^1Z3>tst^ 

3.4-dihydroxy«1 ,6*dipheny ihexane. 

35 (l'Sh2H1<*rt»xy-3*nethyl^ lithium salt prepared ac- 

cording to the procedure of Kempf et aL (J. Org. Chem. 1990, 55, 1390) was coupled to the resultant 
compound of Example 171 using the carbodiimide coupling procedure of Example 1600 to provide the 
desired compound. 

40 

Example 325 



<8S,3R,4R.5S.2 S.2 S)-2,S-0HN-<2-{1 Z3>tetrahydropym3lo(3.4^ 
' dihydroxy-1 ,6-dlphenylhexane. 

(1 'S)-2-<1 -Carboxy-2-methyipfopyl>-1 Z3>tetrahydropyrrolo(3.4^ Jndo^3<>r* lithium salt prepared ac- 
so cording to the procedure of Kempf et aL (J. Org. Chem. 1990, 55. 1390) was coupled to the resultant 
compound of Example 171 using the carbodiimide coupling procedure of Example 160D to provide the 
desired compound. 



55 Example 326 
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(2S.3R.4R,SS)-2,5-DH^((t^utylox^^ 



Using the procedure of Example 201 A but replacing L-valine methyl ester hydrochloride with the 
5 resultant compound of Example 171 and replacing benzyl bromoacetate with t-butylbromoacetate provided 
the desired compound. 



Example 327 

10 



A. A. N. N-DKN-(t-butyloxy)carbonylH2S t 3R. 4R. 5S>-1^:5,6^jiimtnch3,4*Oisopropylidenehexanediol. 

T5 

Using the procedure of Example 205 but replacing (2S f 3S,4S,5S>-2 ( 5-diamlno-3,4-dihydro)cy-l t 6- 
dlphenylhexane with (2S,3R.4R f 5S>-1^;5.6^iImino-3.4-0-isopropyUdenehexanediol (Y.L Merrer, et at. 
Heterocycles, 1987, 25, 541-546) provided the desired compound. 

20 

B. (2S.3R,4R,5S)-2>r>^N-<(t-butyl^ 



Using the procedure of Example 288A but replacing (2S,3R t 4R t 5SH»2:5 l 6-dnmino-3 t 4-0- 
» isopropyiidenehexanedlol with the resultant compound of Example 327A and replacing phenyflithium with 
lithium 1 ^Nhmethyl-N-<dimethytaminoethyl)amino-1 -<2-l]thiophenyl)-methoxide (Tetrahedron Lett 1983. 24, 
5465) provided the desired compound 



* so C. (2S,3R,4R5S)-2^raamlno-3,4^lhydrexy-1,8^ Dihydrochloride. 



Using the procedure of Example 12 with the resultant compound of Example 327B provided the desired 
compound. 

Example 328 



40 

• (1 R^R3'S.3'S)*1 ,2-Oihydroxy- 1 2-bts-<1 ^3.4>tetrahydroisoqulnolln-3»yl)^thane. 



Using the procedure of Example 145A but replacing dihydrocinnamaldehyde and valine benzyl ester 
45 ^hydrochloride with the resultant compound of Example 327C provided the desired compound. 



Example 329 

50 

(1 R,2R3'S,3*SH ,2-Dthydraxy-1 ^^K2^(t-butyl)amino)carbonyk1 Z3,4-tetrahydr^soquinolln-3*ylHthane. 



65 Using the procedure of Example 226 but replacing (2S,3R,4S,5S)>2,5-dlamirKh3,4-dihydroxy-1 l 6- 
diphenylhexane with the resultant compound of Example 328 provided the desired compound. 
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Example 330 



A, N^t-Butyioxyc*rt)onylH2.3>tefr^ Acid. 



Using the procedure of Example 205 but replacing (2S,3S ( 4S.5S)-2.5-diamino-3,4-di hydroxy 
diphenylhexane with 1 2,3,4-tetrariydrotsoquinollne-2-c&rboxylic acid provided the desired compound. 



B. r^t-ButyloxycarbonylH »2,3,4-tetrahydr^ Acid t-Butyl Amide. 



The resultant compound of Example 330A was coupled to t-butylamine using the mixed anhydride 
coupling procedure described in Example 6F to provide the desired compound. 



C. 1£.3.4-Tetrahydroisoquinollne»3-carboxyllc Acid t-Butyl Amide Hydrochloride. 



The resultant compound of Example 330B was deprotected according to the procedure of Example 12 
to provide the desired compound. 



D. 2,2-Dlmethoxy-l ,3-Ns-{3-<(t-butyl)amlno)carbonyH ^3,4-tetrahydroisoquinofin-2-yl)-propane. 



Using the procedure of Example 201 A but replacing L-vaiine methyl ester hydrochloride with the 
resultant compound of Example 330C and replacing benzyl bromoacetate with 1 ,3-dibromo-Z2-dimethox- 
ypropane (J. Org. Chem. 1981, 46, 2532) provided the desired compound. 



E 1 ^Bls-OKff-butyQamlnotcarbonyH 2^>tgtrahydroisoquirK>Hrv2-y(^^ 

The resultant compound of Example 330D (0.05 mmol) was treated with 25 ml of 1:1 1 N 
HCl/tetrahydrofuran, After being stirred for 18 h, the solution was concentrated In vacuo. The residue was 
taken up In methanol and treated with excess sodium borohydride. After 1 h, the solution was quenched 
wtth aqueous ammonium chloride, partitioned between chloroform and aqueous NaOH, dried over Na?SOi. 
and concentrated to provide the desired compound. 



Example 331 



1.3-BleK3^(t-butyl)amiriO)carbonykjecarrydroi 



Using the procedure of Example 211 with the resultant compound of Example 330E provided the 
desired compound. 



Example 332 
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A. (2S,3S)-2,3-0-lsopropylldeno-1 ,4^sH3K(M>utyl)amino)caftx?nyH^ 

clio*. 



5 Using the procedure of Examaple 201 A but replacing L-valine methyl ester hydrochloride with th 
resultant compound of Example 330C and replacing benzyl bromoacetate with 2.3-isopropylidenethreitol 
1 ,4-ditosy late provided the desired compound. 

to Example 333 



A. (^SSV^-O-lsoprop^ 

75™" 

Using the procedure of Example 211 with the resultant compound of Example 332 provided the desired 
compound. 



20 



50 



Ruorogenic Assay for Screening Inhibitors of HIV Protease 



The inhibitory potency of the compounds of the invention can be determined by the following method. 

A compound of the Invention is dissolved in DMSO and a small aliquot further diluted with DMSO to 
25 100 times the final concentration desired for testing. The reaction is carried out in a 6 X 50 mm tube in a 
total volume of 300 microliters. The final concentrations of the components In the reaction buffer are: 125 
mM sodium acetate, 1 M sodium chloride, 5 mM dthiothrettol, 0.5 mg/ml bovine serum albumin, 1 .3 uM 
fluorogenic substrate, 2% (v/v) dlmethyisuHoxide, pH 4.5. After addition of Inhibitor, the reaction mixture is 
placed in the fluorometer cell holder and incubated at 30* C for several minutes. The reaction is initiated by 
30 the addition of a small aliquot of cold HW protease. The fluore s cence intensity (excitation 340 nM, 
emmision 490 nM) la recorded as a function of time. The reaction rate Is determined for the first six to eight 
minutes. The observed rate la directly proportion*! to the moles of substrate cleaved per unit time. Th 
percent Inhibition la 100 X (1 - (rate In presence of inhlbitory(rate In absence of Inhibitor)). 

Fluorogenic substrate: Oabcyl-Ser^3U>*Asp-Tyr-Pro-lle*VaH3ln-EOANS wherein DABCYL • 4-(4~ 
36 dlmethylamlnophenyf)a20benzoic add and EDANS ■ 5K(2-arninoethy1)amlno)naphtria)ene*1*sulfonic acid. 

Compounds of the invention Inhibit HIV-1 protease at concentrations between 0.01 nM and 500,000 nM. 
Table 3 shows the inhibitory po t encie s of specific compounds of the invention against HfV-1 protease. 



40 



55 
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A. (2S.3S)-2.3^tsopTOpv1ldao»-1 ,4^3^^ 

5ioT : ' 



Using the procedure of Examaple 201 A but replacing L-valine methyl ester hydrochloride with the 
resultant compound of Example 330C and replacing benzyl bromoacetat with 2,3-isopropyiidenethreitol 
1 ,4-dltosylate provided the desired compound. 



10 



Example 333 



15 



20 



A. (2S,3S)-2.3^!sopropyHdene-1,4^ia-(^ 

Using the procedure of Example 21 1 with the resultant compound of Example 332 provided the desired 
compound. 

Ruorogenlc Assay for Screening Inhibitor! of HIV Protease 



The inhibitory potency of the compounds of the invention can be determined by the following method. 
A compound of the invention is dissolved in OMSO and a small aliquot further diluted with OMSO to 
2s 100 times the final concentration desired for testing. The reaction is carried out in a 6 X 50 mm tube in a 
total volume of 300 microliters. The final concentrations of the components in the reaction buffer are: 125 
mM sodium acetate, 1 M sodium chloride, 5 mM dlthiothrertoi, 0.5 mg/ml bovine serum albumin, 1.3 uM 
fluorogenic substrate, 2% (v/v) dlmethy (sulfoxide, pH 4.5. After addition of inhibitor, the reaction mixture is 
placed in the fiuorometer cell holder and Incubated at 30* C for several minutes. The reaction is initiated by 
oo the addition of a small aliquot of cold HIV protease. The fluorescence Intensity (excitation 340 nM, 
emmision 490 nM) is recorded as a function of time. The reaction rate is determined for the first six to eight 
minutes. The observed rate is directly proportion*! to the moles of substrate cleaved per unit time. Th 
percent Inhibition is 100 X (1 - (rate in presence of inhibttor)/(rate in absence of inhibitor)). 

Ruorogenlc substrate: Dabcyl-Ser-Gln-Asp*Tyr*PrtHle-VaM3ln-EDANS wherein DABGYL * 4-(4- 
3S dimethylaminophenyl)a20ben20ic acid and EDANS ■ 5-<(2-aminoethyl>amino)naphthaiene-1 -sulfonic acid. 

Compounds of the invention Inhibit HtV-1 protease at concentrations between 0.01 nM and 500,000 nM. 
Table 3 shows the inhibitory potencies of specific compounds of the invention against HIV-1 protease. 
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Compound of 
Exanrole 



Percent 

Inhibition 



Inhibitor 
Concentration 
(micromolar) 



12 
34C 

35 
43C 

55 

59 

62 

65 

66 

68 

70 
160D 
161C 
162C 



75 
95 
68 
94 
37 
50 
100 
79 
95 
51 
75 
47 
59 
63 



50 
270 
50 
270 
0.01 
0.01 
270 
0.1 
0.1 
0.91 
0.01 
0.005 
0.005 
0.005 
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TO 



20 



163C 59- 0.0025 

165C 40 0.005 

166C 31 0.005 

170B 40 0.01 

172B 74 0.001 

178 58 0.005 

182 59 0.0025 

183 70 0.001 
202 82 0.1 

rs 203 62 0.01 

206 44 0.01, 

209- 56 0.001 

210 65 0.001 

211 67 0.1 

213 86 0.005 

214 73 0.005 

215 81 0.001 

216 84 0.001 

217 78 0.001 

218 45 0.001 

219 68 0.001 

220 62 0.001 

221 53 • 0.05 

222 78 0.1 

223 38 0.001 

224 62 0.005 

225 74 0.005 

228 44 0.002 

229 78 0.001 

230 . 69 0.001 

231 67 0.005 



30 



SO 
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233 68 • 0.01 

235 45 0.01 

237 69 0.001 

238 35 0.1 

239 53 0.1 

240 52 0.01 

241 63 0.01 

242 31 0.01 

243 53 0.005 

244 33 0.001 

245 82 0.1 

246 81 0.1 

247 74 0.001 

248 33 0.01 

249 40 0.001 

251 . .60 0.1 

252 56 0.05 

254 79 0.05 

255 49 0.05 

258 46 0.01 

259 78 0.005 

264 45 0.005 

265 62 0.001 
267 92 0.005 

267 53 0.001 

268 71 0.001 

269 47 0.1 

270 48 0.01 
276 51 0.005 

280 41 0.01 

281 30 0.01 

283 70 0.1 

284 87 0.1 

291 52 0.005 

292 36 0.01 
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Antiviral Activity 

The anti-HIV activity of the compounds of the invention can be determined by the following method. 
A mixture of 0.1 ml (2 X 10* cells/ml) of H9 cells and 0.1 ml (100 Infectious units) of HIV-1 3S was 

s incubated on a shaker for 2 h at 37* C. The resulting culture was washed three times and resuspended into 
2 ml of medium containing 10 ul of a compound of the invention in dimethy (sulfoxide. The control culture 
was treated in an identical manner except no compound was added to the medium. AJiquots of culture 
supematants were removed at 3 time points, usually 4, 7 and 10 days, and monitored for HIV-1 antigen ElA 
(HIVAG-1) (Paul, et ai., J, Med. Virol., 22 357 (1987)). Cell viability was determined by trypan blue dye 

to exclusion, and cells were refed with media containing compound (except for control wells which were refed 
with media only) at these time points. Per cent Inhibition of HIV by the compound was determined by 
comparing HIV antigen levels in the supematants of Infected cells incubated with compound to supematants 
from the control culture without compound. The ICso Is the concentration of compound that gives 50% 
inhibition of HIV activity. The LOso Is the concentration of compound at which 50% of the cells remain 

15 viable. 

Table 4 shows the Inhibitory potencies of compounds of the invention against HIV-1 in H9 cells: 



TftRLS 4 

20 





Compound of 
Examole 


IC 50 
(micromolar) 


LD 50 
(micromolar) 


28 


55 


0.17-0.24 


20 




70 


0.3-0.8 


120 




160 


0.3-0.8 


15 


M 


161 


0.6-1.1 


. 20 


162 


0.6-1.0 


25 




163 


0.6-1.1 


>100 




165 


0.5-1.0 


>100 


3S 


166 


6.1-9.4 


21 




169 


6.2-11.2 


54 




172 


0.12 


11 


40 


174 


1.1-2.7 


>100 


175 


0.75-1.1 


>100 




206 


2.3-4.5 


25 




209 


0.015-0.027 


60 


48 


210 


0.05-0.07 


>100 




213 


0.54 


30 




215 


0.10 


>100 


SO 


216 


0.04-0.1 


>100 


218 


0.42 


>100 




219 


0.05-0.1 


>100 




220 


0.09-0.18 


>100 


M 


225 


0.27 


>100 




237 


0.4-1.6 


>100 
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241 




/ 5 


242 






244 


0 5-1 0 




247 


0 25 


i fan 


248 


' 1 2-7 5 


i u U 




U . J <J . 9 


45 


268 


0.11-0.22 


25 


269 


3-6 


130 


270 


4-15 


35 


286 


2-6 


20 



Additionally a decrease in infectivity of HIV as a measure of anti-HfV activity of the compounds of the 
invention can be assessed as follows: 

After incubation of the culture containing a compound of the invention as descrived above for 
approximately 8 days (range: 4-10 days), an aliquot (0.1 ml) of the supernatant was withdrawn, 5-fold 
dilutions were made in media, and these dilutions were then incubated with fresh H9 cells (4 X 10 s cells/ml) 
on a shaker for 2 hr at 37* C. The resulting cultures were washed three times, resuspended in 2 ml of 
medium with and without compound, and incubated and maintained as above. Production of virus in the 
culture supernatant was monitored at various time points using the Abbott HIV-1 antigen E1A. Loss of 
infectMty was determined by comparing HIV antigen end point dilutions of cultures with and without 
compound. In this manner, the compound of Example 70 reduced the HIV infectivity 25-fold. 

The compounds of the present invention can be used in the form of salts derived from inorganic or 
organic adds. These salts include but are not flmited to the following: acetate, adipate. alginate, citrate, 
aspartate, benzoate, benzenesurfonata, bisutfate. butyrate, camphorate, camphorsulfonate. digluconate. 
cyclopentanepropionate, dodecyisurfate. ethanesutfonate, glucoheptanoate. glycerophosphate, hemisulfate. 
heptanoate. hexanoate. fumarate. hydrochloride, hydrobromide, hydroiodide. 2-hydroxy-ethanesulfonate, 
lactate, maleate, methanesutfonaie, nicotinate, 2-naphthalenesurfonate, oxalate, pamoate, pectinate, persui- 
fate, 3-phenylpropionate, picrate, pivaiate, propionate, succinate, tartrate, thiocyanate. tosylate. mesylate 
and undecanoate. Also, the basic nitrogen-containing groups can be quatemized with such agents as 
loweralkyl haiides, such as methyl, ethyU propyl, and butyl chloride, bromides, and iodides; dialkyl sulfates 
tike dimethyl, diethyl, dlbutyt, and diamyl sulfates, long chain haiides such as decyl. lauryl, myristyl and 
stearyl chlorides, bromides and iodides, araikyl haiides like benzyl and phenethyl bromides, and others. 
Water or oil-soluble or dispersive products are thereby obtained. 

Examples of adds which may be employed to form pharmaceutical^ acceptable add addition salts 
include such inorganic acids as hydrochloric add. sulphuric acid and phosphoric add and such organic 
adds as oxafc acid, malefc add sucdnic acid and dtric add. Other salts Indude salts with alkali metals or 
alkaline earth metals. «jch as sodium, potassium, caJdum or magnesium or with organic bases. 

The compounds of the present invention can also be used in the form of esters. Examples of such 
esters indude a hydroxyl-substftuted compound of formula I which has been acylated with a blocked or 
unblocked amino add residue, a phosphate function, a hemlsucdnate residue or a benzoyl group which is 
substituted on the phenyl ring with -NRiooRtoi wherein Rioo and R«ot are independently selected from 
hydrogen and loweralkyl or the group -NRaooRtoi forms a nitrogen containing heterocyclic ring. The amino 
add esters of particular interest are glycine and lysine; however, other amino add residues can also be 
used, indudlng those wherein the amino acyl group Is -QOJCHaNRtooRsoi wherein FUoo and Rtoi are 
Independent selected from hydrogen and toweralkyi or the group -NRiooRaoi forms a nitrogen containing 
heterocydic ring. These esters serve as prodrugs of the compounds of the present invention and serv to 
increase the solubility of these substances in the gastrointestinal tract These esters also serve to increase 
solubility for intravenous administration of the compounds. These pro-drugs are metabolized In vivo to 
provide the hydroxy ^substituted compound of formula I. The preparation of the pro-drug esters Is carried 
out by reacting a hydroxyfsubstituted compound of formula I with an activated amino acyl, phosphoryl, 
hemisucdnyl or substituted benzoyl derivative as defined above. The resulting product is then deprotected 
to provide the desired pro-drug ester. 

The compounds of the present invention are useful for the treatment or prophylaxis of diseases caused 
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by retroviruses in mammals (especially humans) and are particularly useful for th treatment or prophylaxis 
of acquired immune deficiency syndrom or an HIV Infection. 

Total daily dose administered to a host in single or divided doses may be in amounts, for example, 
from 0.001 to 10 mg/Vg body w ight daily and more usually 0.01 to 1 mg. Dosag unit compositions may 
s contain such amounts of submultiples thereof to make up the daily dose. 

Th amount of active ingredient that may be combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated and the particular mode of administration. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a 
variety of factors including the activity of the specific compound employed, the age, body weight, general 
io health, sex, diet time of administration, route of administration, rate of excretion, drug combination, and the 
severity of the particular disease undergoing therapy. 

The compounds of the present invention may be administered oraJiy, parenteraity, by inhalation spray, 
by aerosols, rectally, or topically In dosage unit formulations containing conventional nontoxic pharmaceuti- 
cal^ acceptable carriers, adjuvants, and vehicles as desired. Topical administration may also involve the 
rs use of sublingual dosage forms, transdermal administration such as transdermal patches or iontophoresis 
devices. The term parenteral as used herein Includes subcutaneous injections, intravenous, intramuscular, 
intrastemal injection, or infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or oleagenous suspensions may be 
formulated according to the known art using suitable dispersing or wetting agents and suspending agents. 
20 The sterile injectable preparation may also be a sterile injectable solution or suspension in a nont xic 
parenterally acceptable diluent or solvent for example, as a solution In 1,3-butanedlol. Among the 
acceptable vehicles and solvents that may be employed are water, Ringer's solution, and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose any bland fixed oil may be employed including synthetic mono- or diglycerides. 
25 in addition, fatty acids such as oleic add find use in the preparation of injectables. 

Suppositories for rectal administration of the drug can be prepared by mixing the drug with a suitabl 
nonirritating exbpient such as cocoa butter and polyethylene glycols which are solid at ordinary tempera- 
' tures but liquid at the rectal temperature and will therefore mett in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, powders, and granules. 
so in such solid dosage forms, the active compound may be admixed with at least one inert diluent such as 
sucrose lactose or starch. Such dosage forms may also comprise, as is normal practice, additional 
substances other than inert diluents, e.g., lubricating agents such as magnesium stearate. In the case of 
capsules, tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 
3$ Liquid dosage forms for oral administration may include pharmaceutical^ acceptable emulsions, 
solutions, suspensions, syrups, and eflxtrs containing inert diluents commonly used In the art. such as 
water. Such compositions may also comprise adjuvants, such as wetting agents, emulsifying and suspend- 
ing agents, and sweetening, flavoring, and perfuming agents. 

The present agents can also be administered in the form of liposomes. As is known in the art, 
40 liposomes are generafly derived from phospholipids or other lipid substances. Liposomes are formed by 
mono* or multilamellar hydrated Qquid crystals that are dispersed in an aqueous medium. Any non-toxic, 
physiologteairy acceptable and metaboOzabie fipid capable of forming liposomes can be used. The present 
compositions In Oposome form can contain, in addition to a compound of the present invention, stabilizers, 
preservatives, sxctpients, and the ike. The preferred lipids are the phospholipids and the phosphatidyl 
45 cholines (lecithins), both natural and synthetic. 

Methods to form iposomes are known In the art See, for example, Prescott Ed., Methods in Celt 
Biology , Volume XIV, Academic Press, New York, N. Y. (1978), p. 33 et seq. ~ 

While the compounds of the invention can be administered as the sole active pharmaceutical agent 
they can also be used In combination with one or more Immunomoduiators, antiviral agents, other 
so antilnfective agents or vacdnes. Other antiviral agents to be administered In combination with a compound 
of the present invention include AL-721, beta interferon, porymannoacetate, ganciclovir, dldeoxycytidine, 
tri sodium prttsphonoformats, HPA-23, eflomtthlne, Peptide T, Reticulose (nucieophosphoprotein), 
zidovudine (AZT), ansamycin LM 427, trimetrexate, UA001, ribavirin, alpha interferon and acyclovir. 
Immunomoduiators that can be administered in combination with a compound of th present invention 
58 Include bropirimine, AmpUgen, anti-human alpha interferon antibody, colony stimulating factor, C 1248,738, 
lmreg-1. lmreg-2, diethyldlthiocarbamste, lnterteukln-2, aipha-interferon, inosine pranobex, methionine en- 
kephalin, muramyMripeptide, TP-5, erythropoietin, naltrexone and tumor necrosis factor. Other antiinfective 
agents th$t can be administered In combination with a compound of the present invention include 
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pentamidine isethionate. Any of a variety of HIV or AIDS vaccines can be* used in combination with a 
compound of the preeent Invention. 

K will be understood that agents which can be combined with the compounds of the present inv ntion 
for the treatment or prophylaxis of AIDS or an HIV infection are not limited to those listed above, but include 
5 in principle any agents useful for the treatment or prophylaxis of AIDS or an HIV infection. 

When administered as a combination, the therapeutic ag nts can be formulated as separate composi- 
tions which are given at the same time or different times, or the therapeutic agents can be given as a single 
composition. 

The foregoing is merely illustrative of the invention and is not intended to limit the invention to the 
io disclosed compounds. Variations and changes which are obvious to one skilled in the art are intended to be 
within the scope and nature of the invention which are defined in the appended claims. 



Claims 

15 

1. A compound of the formula: 
A- X- B 
wherein X is 



20 o 
II 



30 



35 



40 



^ C ^. ^ C ^. ^ C ^. , ^C«v . 



(CH a ), *aos *ao« *aos *ao« 
*20lO w C»»4 </Jb o^o o^O 

' ' 8 / c c \ a • -7 C " C ^ 



60 



55 
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wherein Rt and Ra are Independently selected from 

(1) hydrogen, 

(2) kmeraJkyl, 

(3) hydroxy aAcyl and 

(4) aitaryalkyf ; and 

Raot and Raoa are in depe n dently se le cted from 

(1) hydrogen. 

(2) alkaxyafcyl 

(3) tftloatoyafcyl and 

(4) afcoocyaieoKyaJkyl; 
Raos le loweraJkyl; 
Rao* le loweraJkyf; 

Raos and Rao* are independentty s elec te d from 

(1) hydrogen 

(2) loweraflcyl 

(3) altoxyaflcyt; 

R le hydrogen or halogen; 

R' le hydrogen, halogen, loweraJkyi, -NHt, -NH(k>weralkyf) or ~ORao« wherein Raos la defined as above; 

R* Is -NHa, *NH(toweraflcyf) or -ORaoi wherein Raot Is independently defined as above; 

R* le halogen; and 

q la 2 or 3; 

Als 

(1) substituted amino, 

(2) su bs titute d carbonyl, 

(3) functionalized Imino, 
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(4) functionalized alky!, 

(5) functionalized acyl, 

(6) functionalized heterocyclic or 

(7) functionalized (heterocycllc)alkyl; and 
Bit 

(1) substituted carbonyl independently defined as herein, 

(2) substituted amino independently defined as herein, 

(3) functionated imino independently defined as herein, 

(4) functionalized aJkyl independently defined as herein, 

(5) functionalized acyl Independently defined as herein, 

(6) functionalized heterocyclic independently defined as herein or 

(7) functionalized (heterocyclic)alkyl independently defined as herein; 
or a pharmaceutically acceptable salt ester or prodrug thereof. 

2. The compound of Claim 1 wherein A is functionalized alkyl or functionalized acyl: B is functionalized 
alkyl or functionaiized acyl; and X is -CH(ORaoih -CH<ORaoi)CH(ORaoah -C(0)-C(RXRV or -CH(RVC(Rh 
(R')» wherein Raoi and Raoa are independently selected from hydrogen, aikoxyaikyl/thioalkoxyalkyt and 
alkoxyalkoxyalkyl; R Is hydrogen or halogen; R is hydrogen, halogen, loweraflcyl, -NH 2 , -NH(loweralkyi) or 
•ORaos wherein Raot Is hydrogen, loweraflcyl or aflcoxyalkyt; and R* is -NHa, -NH(toweralkyl) or -OR 20 « 
wherein Rjot is independently defined as above. 

3. A compound of the formula: 
A-X-B 

wherein X is -CH(ORaoih -CH(ORaoi)CH(ORaoa>-. -C(0)-C(R)(RV or -CHfR'KWHRV wherein R 20 i and 
Raoa are independently selected from hydrogen, alkoxyaikyi, thioalkoxyalkyl and alkoxyalkoxyalkyl; R is 
hydrogen or halogen; R Is hydrogen, haloqen. toweraJkyi. -NHa. -NHOoweraflcyf) or -ORao« wherein Fbo« is 
hydrogen, loweralkyl or alkoxyaikyi; and R* to -NHa, -NHfloweraDcyl) or -ORao« wherein R 20 * is indepen- 
dently defined as above; 
A is 

(1) substituted amino, 

(2) substituted carbonyt 

(3) functionalized imino, 

(4) functionalized aikyi, 

(5) functionalized acyl, 

(6) functionalized heterocyclic or 

(7) functionalized (heterocycfic)aficyi; and 
Bis 

(1) substituted carbonyi Independently defined as herein, 

(2) substituted amino independently defined as herein, 

(3) functionalized imino Independently defined as herein, 

(4) functionaized a&yi I ndependently defined as herein, 

(5) functionaized acyl Independently defined as herein, 

(6) functionated het er ocy dfc Independently defined as herein or 

(7) functionaized (heterocydfc)afcy1 Independently defined as herein; 
or a pharmaceutical^ acceptable salt prodrug or ester thereof. 

4. A compound of the formula: 
A-X-B 

wherein X Is -CH(ORaoi)CH<ORaoa)- wherein Raoi and Raoa are independently selected from hydrogen, 
alkoxyaikyi, truoaikoxyaflcyl and altoxyalkoxyaicyl; and A and B are -CH(Z)(Ra) wherein Ri is (aryl)alkyl or 
(heterocyclic)alkyl and Z Is -N<RsXG) wherein R» la hydrogen or loweralkyl and Q is Ri7-Rioo-CO>E-CH- 
(Ra >-C(T>wherein R17 Is (aryt)alkyl or (heterocycftc)alxyl. FUoo Is O, S or -N(Ri 7 >- wherein R17 is hydrogen 
or toweraflcyt T is ^independently selected at eech occurrence from 0 or S, E is O. S or -NH- or -N- 
(loweralkyl)- and Ra to loweraikyf; 

or a pharmaceutical acceptable salt prodrug or ester thereof, 

5. A compound of the formula: 
A-X-B 

wherein X Is OCH(ORaoih -C<0)-C(R)(rV or -CH(R")-C(R)(RV wherein Raoi and Raoa are independently 
selected from hydrogen, alkoxyafcyi, thioalkoxyalkyl and alkoxyalkoxyalkyl; R Is halogen; R' halogen; and 
R Is -NHa, -NHfloweralkyl) or -ORao« wherein Raoi is hydrogen, loweralkyl or alkoxyaikyi; and 
A and B are -CH(2XRa) wherein Ra is (aryl)afcy1 or (heterocyciIc)alkyl and Z Is -N(R»)(G) wherein R$ is 
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hydrogen or toweraikyl and Q It Ri7-Rioo^rO-E^H{F^VcrO-wh6reln R17 is (aryftalkyl or (heterocycJich 
tikyl, R400 Is 0, S or *N(Ri7h wherein R17 It hydrogen or loweralkyl, T is independently s (ected at each 
occurrence from 0 or 3, E la 0, S or -NK* or -N(toweralkyih and Rj' la toweraikyl; 
or a pharmaceutical^ acceptable salt prodrug or eater thereof. 
6 6. A compound selected from the group consisting of: 
(2S;3R.4H,5S)-2,5-DK*H(N-M^ 
dlphenylhexane; 

(2S JS.4S.5S>-2>r><hH(^Memy^^^ 1 ,6- 

diphenythexane; and 
10 (2S;m,4S,5S)-2,5-DKrH(^Me^^ 
diphenylhexane; 

or a pharmaceutical acceptable salt prodrug or ester thereof. 

7. A compound selected from the group consisting of: 

(2S,3R,4R,5S)-2 f 5-DH^(2^yridlnyl)met^^ 
ts (2S,3S ( 4S,5S)-2^DKfH(2i>yridlnyf)^ 

and 

(2S,3R,4S,5S)-2>DiK^(2-pyr1dinyl)methoxycarbonyIHaiinyh 
or a pharmaceuticaJty acceptable salt prodrug or ester thereof. 

8. A compound selected from the group consisting ot 
20 (2S,3R t 4S f 5Sh2>DHr^(3^yridinyl)metha 

and 

(2S^,4S.5S>-2,5-DK^(3^<*lnyl)methcocycarb^ 
(2S^a4R,5S)>2>DK^(3^yHcUny!)methoxycart^ 
or a pharmaceuticaJty acceptable salt prodrug or ester thereof. 
25 9. 2,4-D^^{2i>yridlnyf>iTwm 

or a pharmaceuticaJty acceptable salt prodrug or ester thereof. 

10. 2 f 5-Bls^2-pyridyl-OT*thoxyc»r^ or a 
pharmaceuticaJty acceptable salt prodrug or ester thereof. 

11. A compound of claim .1 for use In Inhibiting a retroviral protease by administration to a mammal in 
30 need of such treatment 

12. The compound of claim 1 1 wherein the retroviral protease Is H1V-1 protease of HtV-2 protease. 

13. A compound of claim 1 for use in treating a retroviral Infection by administration to a mammal in 
need of such treatment 

14. A pharmaceutical composition for treating a retroviral infection comprising a pharmaceutical carrier 
3$ and a therapeutically effective amount of the compound of Claim 1. 
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